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[  40  CFR  Part  60  ] 

(FRL  777-8] 

STATIONARY  GAS  TURBINES 

Standards  of  Performance  for  New 
Stationary  Sources 

AGENCY:  Environmental  Protection 
Agency. 

ACTION :  Proposed  rule. 

SUMMARY:  The  proposed  standards 
would  limit  emissions  of  nitrogen  oxides 
and  sulfur  dioxide  from  new,  modified 
and  reconstructed  stationary  gas  tur¬ 
bines  to  75  ppm  and  150  ppm,  respec¬ 
tively.  A  new  reference  method  for  de¬ 
termining  the  concentration  of  nitrogen 
oxides,  sulfur  dioxide  and  oxygen  in  the 
exhaust  gases  from  stationary  gas  tur¬ 
bines  is  also  proposed.  The  standards 
implement  the  Clean  Air  Act  and  are 
based  on  the  Administrator’s  determina¬ 
tion  that  stationary  gas  turbine  emis¬ 
sions  contribute  significantly  to  air  pol¬ 
lution.  The  intended  effect  is  to  require 
new,  modified  and  reconstructed  station¬ 
ary  gas  turbines  to  use  the  best  demon¬ 
strated  system  of  emission  reduction. 

DATES:  Comments  must  be  received  on 
or  before  December  2,  1977. 

ADDRESSES:  Comments  should  be  sub¬ 
mitted,  preferably  in  triplicate,  to  the 
Emission  Standards  and  Engineering 
Division,  Environmental  Protection 
Agency,  Research  Triangle  Park,  N.C. 
27711,  Attention:  Mr.  Don  R.  Goodwin. 

The  Standards  Support  and  Environ¬ 
mental  Impact  Statement  (SSEIS)  con¬ 
taining  the  data  and  information  upon 
which  the  proposed  standards  are  based 
may  be  obtained  from  the  Public  Infor¬ 
mation  Center  (PM-215),  U.S.  Environ¬ 
mental  Protection  Agency,  Washington, 
D.C.  20460  (specify  “Standards  Support 
and  Environmental  Impact  Statement, 
Volume  1:  Proposed  Standards  of  Per¬ 
formance  for  Stationary  Gas  Turbines”) . 

The  SSEIS  and  all  public  comments 
received  may  be  inspected  and  copied  at 
the  Public  Information  Reference  Unit 
(EPA  Library) ,  Room  2922,  401  M  Street 
SW.,  Washington,  D.C. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Don  R.  Goodwin.  Emission  Standards 
and  Engineering  Division,  Environ¬ 
mental  Protection  Agency,  Research 
Triangle  Park.  NC.  2771,1,  telephone 
No.  919-541-5271. 

SUPPLEMENTARY  INFORMATION: 
Proposed  Standards 

The  proposed  standards  would  apply 
to  all  new,  modified  and  reconstructed 
stationary  gas  turbines  with  a  heat  input 
at  peak  load  equal  to  or  greater  than  10.7 
gigajoules  per  hour  (about  1,000  horse¬ 
power).  The  standards  would  apply  to 
simple  and  regenerative  cycle  gas  tur¬ 
bines  and  to  the  gas  turbine  portion  of  a 
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combined  cycle  steam /electric  generat¬ 
ing  system. 

The  proposed  standards  would  limit 
the  concentration  of  nitrogen  oxides 
(NO,)  in  the  exhaust  gases  from  station¬ 
ary  gas  turbines  to  0.0075  percent  by  vol¬ 
ume  (75  ppm)  at  15  percent  oxygen  on  a 
dry  basis.  This  emission  limit  would  be 
adjusted  upward  for  turbines  with  ther¬ 
mal  efficiencies  greater  than  25  percent 
and  upward  for  turbines  burning  fuels 
with  a  nitrogen  content  greater  than 
0.015  percent  by  weight. 

The  proposed  standard  would  be  ref¬ 
erenced  to  International  Standard  Or¬ 
ganization  (ISO)  standard  day  condi¬ 
tions  of  288  degrees  Kelvin,  60  percent 
relative  humidity,  and  101.3  kilopascals 
(1  atmosphere)  pressure.  Measured  NO, 
emission  levels,  therefore,  would  be  ad¬ 
justed  to  ISO  reference  conditions  by  use 
of  an  ambient  condition  correction  fac¬ 
tor  included  in  the  standard  or  by  a  cus¬ 
tom  ambient  condition  correction  factor 
developed  by  the  gas  turbine  manufac¬ 
turer,  owner,  or  operator  and  approved 
for  use  by  EPA.  Manufacturers,  owners, 
or  operators  electing  to  develop  custom 
ambient  condition  correction  factors, 
however,  would  be  required  to  develop 
such  factors  in  terms  of  the  following 
variables:  combustor  inlet  pressure,  am¬ 
bient  air  pressure,  ambient  air  humidity, 
and  ambient  air  temperature.  All  correc¬ 
tion  factors  would  have  to  be  substan¬ 
tiated  with  data  and  approved  for  use  by 
the  Administrator  before  they  could  be 
used  for  determining  compliance  with 
the  proposed  standard. 

Stationary  gas  turbines  with  a  heat 
input  at  peak  load  from  10.7  to,  and  in¬ 
cluding,  107.2  gigajoules  per  hour  would 
be  exempt  from  the  NO«  emission  limit 
for  five  years  from  the  date  of  this  pro- 
ptwal.  Emergency-standby  gas  turbines, 
military  gas  turbines  and  firefighting  gas 
turbines  would  be  exempt  permanently 
from  the  NO-  emission  limit.  In  addi¬ 
tion,  stationary  gas  turbines  using  wet 
controls  would  be  exempt  temporarily 
from  the  NO,  emission  limit  during 
those  periods  when  ice  fog  created  by 
the  gas  turbine  was  deemed  by  the  owner 
or  operator  of  the  gas  turbine  to  present 
a  traffic  hazard.  None  of  the  exemptions 
mentioned  in  this  paragraph  would  ap¬ 
ply  to  the  SO2  emission  limit. 

The  proposed  standards  would  limit 
the  SOi  concentration  in  the  exhaust 
gases  from  stationary  gas  turbines  to 
0.015  percent  by  volume  (150  ppm)  cor¬ 
rected  to  15  percent  oxygen  on  a  dry 
basis,  or  would  limit  the  sulfur  content 
of  the  fuel  used  by  any  stationary  gas 
turbine  to  0.8  percent  by  weight. 

Summary  of  Environmental  and 
Economic  Impacts 

The  proposed  standards  would  reduce 
NO,  emissions  from  stationary  gas  tur¬ 
bines  by  about  70  percent.  Based  on  in¬ 
dustry  growth  projections,  by  1982  a 
reduction  in  national  NO-  emissions  of 
about  190,000  tons  i>er  year  would  be 
realized.  By  1987,  the  reduction  in  na¬ 
tional  NO,  emissions  would  resich  about 
400.000  tons  per  year. 


The  adverse  water  pollution  impact  of 
the  proposed  standards  would  be  mini¬ 
mal.  The  quantity  of  water  or  steam  re¬ 
quired  for  injection  into  the  gas  tur- 
bins  to  reduce  NO-  emission  would  be 
small,  less  than  5  percent  of  the  water 
consumed  by  a  comparable  size  steam/ 
electric  power  plant  using  cooling  tow¬ 
ers. 

The  solid  waste  impact  of  the  pro¬ 
posed  standards  would  be  negligible. 
There  would  also  be  no  adverse  noise 
impact  resulting  from  the  proposed 
standards. 

The  energy  impact  of  the  proposed 
standards  would  be  small.  Gas  turbine 
fuel  consumption  would  be  increased 
from  0  to  5  percent,  depending  largely 
on  the  rate  of  water  injection  required 
to  comply  with  the  proposed  NO,  stand¬ 
ard.  There  would  be  no  energy  impact 
associated  with  the  proposed  SO’  stand¬ 
ard.  Few  turbines  require  the  high 
water  injection  rates  (about  1:1  water- 
to-fuel  ratios)  which  result  in  a  5  per¬ 
cent  fuel  penalty.  Assuming  that  all  sta¬ 
tionary  gas  turbines  subject  to  the  pro¬ 
posed  NO,  standard  would  require  a  1:1 
water-to-fuel  ratio,  the  fifth  year  (1982) 
energy  impact  of  the  standard  on  large 
stationary  gas  turbines  would  be  an  in¬ 
crease  in  fuel  consumption  of  about  5,500 
barrels  of  fuel  oil  per  day.  The  fifth-year 
(1987)  energy  impact  of  the  NO,  stand¬ 
ard  on  small  stationary  gas  turbines 
would  be  an  increase  in  fuel  consump¬ 
tion  of  about  7.000  barrels  of  fuel  oil  per 
day.  This  is  equivalent  to  an  increase  in 
projected  1982  and  1987  national  crude 
oil  consumption  of  less  than  0.03  per¬ 
cent.  These  estimates  are  based  on  as¬ 
sumptions  which  yield  the  greatest 
energy  impacts  and  actual  impacts  are 
expected  to  be  much  lower. 

The  economic  Impact  of  the  proposed 
standards  is  considered  to  be  reasonable. 
The  proposed  standards  would  Increase 
the  capital  costs  or  purchase  price  of 
a  gas  turbine  for  most  installations  by 
about  1  to  4  percent.  For  offshore  appli¬ 
cations,  however,  such  as  oil  and  gas 
drilling  platforms,  the  increase  could  be 
as  much  as  7  percent.  The  annualized 
costs  for  a  gas  turbine  in  all  applications 
would  be  increased  by  about  1  to  4  per¬ 
cent.  with  the  largest  application,  utili¬ 
ties.  realizing  less  than  a  2  percent  in¬ 
crease. 

The  proposed  standards  would  in¬ 
crease  the  total  capital  investment  re¬ 
quirements  for  all  users  of  large  station¬ 
ary  gas  turbines  by  about  36  million  dol¬ 
lars  by  1982.  For  the  period  1982  through 
1987,  the  standards  would  increase  the 
capital  investment  requirements  for  all 
users  of  both  large  and  small  stationary 
gas  turbines  by  about  67  million  dollars. 
Total  annualized  costs  would  be  in¬ 
creased  by  about  11  million  dollars  in 
1982  and  by  about  30  million  dollars  in 
1987.  These  impacts  would  result  in  price 
increases  for  the  end  products  or  serv¬ 
ices  provided  by  industrial  and  commer¬ 
cial  users  of  stationary  gas  turbines 
ranging  from  less  than  0.01  percent  in 
the  petroleum  refining  industry  to  about 
0.1  percent  in  the  electric  utility  indus¬ 
try. 
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The  criteria  for  an  action  to  be  con¬ 
sidered  major,  thereby  requiring  devel¬ 
opment  of  an  Economic  Impact  Analysis 
(EIA)  are:  (1)  an  increase  in  the  fifth- 
year  annualized  costs  of  100  million  dol¬ 
lars,  (2)  a  major  product  price  increase 
of  5  percent,  or  (3)  an  increase  in  na¬ 
tional  energy  consumption  of  25,000 
barrels  of  fuel  oil  per  day.  The  Impacts 
resulting  from  the  proposed  standards 
would  not  exceed  these  criteria,  except 
possibly  for  offshore  applications,  where 
the  proposed  standards  could  increase 
the  price  of  a  gas  turbine  by  about  7 
percent.  Most  gas  turbines  used  on  off¬ 
shore  oil  and  gas  drilling  platforms,  how¬ 
ever,  are  likely  to  have  a  heat  input  at 
peak  capacity  of  less  than  107.2  giga- 
joules  per  hour  (about  10,000  horse¬ 
power)  .  Consequently,  they  would  be 
considered  small  gas  turbines  and  would 
be  exempt  from  the  standards  for  five 
years.  In  any  event,  stationary  gas  tur¬ 
bines  sold  for  offshore  applications  con¬ 
stitute  such  a  small  percentage  (esti¬ 
mated  at  less  than  3  percent)  of  the 
overall  market  for  gas  turbines  that  they 
are  not  considered  a  major  product  with¬ 
in  the  intent  of  the  5  percent  major 
product  price  increase  criteria  for  prep¬ 
aration  of  an  EIA.  Consequently,  the 
proposed  standards  would  not  constitute 
a  major  action  and  no  EIA  has  been 
prepared. 

Rationale 

SELECTION  or  SOURCE  FOR  CONTROL 

Assuming  existing  levels  of  emission 
contrt^,  national  NO.  emissions  from 
stationary  sources  are  projected  to  in¬ 
crease  by  about  (J5  percent  by  1985.  Ap¬ 
plying  best  technology  to  all  new  sovuues 
would  reduce  this  increase  to  about  25 
percent,  but  would  not  prevent  it  from 
occurring.  This  unavoidable  increase  in 
NOx  emissions  is  attributable  largely  to 
the  fact  that  few  of  the  NO.  emission 
control  techniques  currently  available 
can  achieve  lairge  reductions  in  NO, 
emissions.  Consequently,  EPA  has  as¬ 
signed  a  high  priority  to  the  develop¬ 
ment  of  standards  of  performance  for 
major  NO,  emission  sources  wherever 
significant  reductions  in  NO,  emissions 
can  be  achieved. 

Several  studies  sponsored  by  EPA 
have  ranked  stationary  gas  turbines  as 
major  controllable  sources  of  NO,  emis¬ 
sions.  One  study  conducted  by  the  Aero- 
therm  Division  of  Acurex  Corporation 
estimated  that  oil-fired  and  gas-fired 
stationary  gas  turbines  accoimted  for  2.5 
percent  of  the  total  NO,  emissions  from 
stationary  sources  in  the  U.S.  in  1972. 
This  same  study  ranked  gas -fired  tur¬ 
bines  as  sixteenth  and  oil-fired  gas  tur¬ 
bines  as  twenty-third  in  a  priority  list¬ 
ing  of  137  controllable  stationary  sources 
of  NOx  emissions. 

In  another  study  the  Research  Corp. 
of  New  England  (TRC)  determined  the 
impact  which  standards  of  performance 
would  have  on  nationwide  emissions  of 
particulates,  NOx,  SO2,  HC  (hydrocar¬ 
bons)  ,  and  CO  (carbon  monoxide)  from 
stationary  sources.  Sources  were  then 
ranked  according  to  the  impact  a  stand¬ 


ard  promulgated  in  1975  would  have  on 
emissions  in  1985.  This  ranking  placed 
gas  turbines  first  on  a  list  of  40  sta¬ 
tionary  NOx  emission  sources  and  eighth 
on  a  list  of  41  stationary  SO2  emission 
sources. 

In  1974,  90  percent  of  all  domestic  sta¬ 
tionary  gas  turbine  capacity  was  sold  to 
the  electric  utility  market,  primarily  for 
use  as  peaking  units.  It  is  expected  that 
this  large  percentage  of  sales  to  utilities 
will  continue  in  the  future  due  to  the 
many  advantages  of  gas  turbines  as 
peaking  units.  In  addition,  gas  turbine 
peaking  units  are  often  located  in  large 
urban  centers  where  power  demands  are 
greatest  and  pollution  problems  are  often 
most  severe. 

Stationary  gas  turbines,  therefore,  are 
significant  contributors  to  total  nation¬ 
wide  emissions  of  NOx.  They  are  ranked 
high  on  the  various  listings  of  sources 
for  which  standards  of  performance 
should  be  developed.  In  addition,  the 
turbines  coupled  with  the  probability 
that  many  gas  turbines  will  be  installed 
near  large  urban  centers  underscores  the 
need  for  standards  of  performance  for 
stationary  gas  turbines.  Consequently, 
stationary  gas  turbines  were  selected  for 
development  of  standards  of  perform¬ 
ance. 

SELECTION  OP  POLLUTANTS 

The  pollutants  emitted  from  station¬ 
ary  gas  turbines  are  particulates,  NOx; 
SO,  CO  and  HC.  Combustor  modlfica- 
tkNis  (dry  control)  and  water  Injection 
(wet  control)  are  demonstrated  tech¬ 
niques  for  reducing  NOx  emlssioas  at  rea- 
scmable  cost  and  depending  on  specific 
emission  level  selected,  could  reduce  NOx 
emissions  by  up  to  190,000  tons  per  year 
in  1982.  This  is  a  significant  decrease  in 
total  nationwide  NOx  emissions.  For 
these  reasons,  NOx  emissions  from  sta¬ 
tionary  gas  turbines  were  selected  for 
contixd  by  standards  of  performance. 

SO2  emissions  from  stationary  gas  tur¬ 
bines  depend  on  the  sulfur  content  of  the 
fuel  since  nearly  100  percent  of  the  fuel 
sulfur  is  converted  to  SO2  during  the 
combustion  process.  Due  to  the  high  vol¬ 
umes  of  exhaust  gases,  the  cost  of  Hue 
gas  desulfurization  (POD)  to  control  SO2 
emissions  from  stationary  gas  turbines 
is  considered  imreasonable.  Control  of 
SO»  emissions,  therefore,  would  require 
combustion  of  low  sulfur  fuels  rather 
than  ttie  application  of  PGD.  Selection 
of  low  sulfur  fuels,  however,  is  consid¬ 
ered  reasonable.  Since  gas  turbines  are 
a  major  source  of  SO,  emissions  and  fir¬ 
ing  low  sulfur  fuels  is  considered  an  eco¬ 
nomically  feasible  control  technique,  SO, 
emissions  from  stationary  gas  tiublnes 
were  selected  for  control  by  standards 
of  performance. 

HC  and  CO  emissions  from  stationary 
gas  turbines  operating  at  peak  load  are 
relatively  low  because  the  higher  the  per¬ 
centage  of  peak  load  at  which  a  turbine 
operates,  the  more  eflaclent  the  combus¬ 
tion  of  the  fuel.  Gas  turbines  normally 
operate  at  80  to  100  percent  of  peak  load 
with  HC  emissions  averaging  less  than 
50  ppm  and  CX)  emissions  averaging  less 
than  500  ppm  at  15  percent  oxygen.  HC 


and  CO  emissions  from  stationary  gas 
turbines,  therefore,  were  not  selected  for 
control  by  standards  of  performance. 

Particulate  emissions  from  stationary 
gas  turbines  depend  on  the  ash  content 
of  the  fuel  and  are  minimal.  Conse¬ 
quently,  particulate  emissions  from  sta¬ 
tionary  gas  turbines  were  not  selected 
for  control  by  standards  of  performance. 

SELECTION  or  AFFECTED  FACILITIES 

Stationary  gas  turbines  can  be  used  in 
three  different  configurations:  simple 
cycle,  r^generotive  cycle,  and  combined 
cycle.  All  of  these  configurations  emit 
NOx  and  SO2,  and  all  can  be  controlled 
for  NOx  emissions  by  water  injection  or 
dry  controls  and  for  SO,  by  the  firing  of 
low  sulfur  fuels.  Consequently,  simple  cy¬ 
cle  gas  turbines,  regenerative  cycle  gas 
turbines  and  the  gas  turbine  portion  of 
combined  cycle  steam/electric  generat¬ 
ing  systems  were  selected  as  the  affected 
facilities  for  standards  of  performance 
limiting  NOx  and  SO,  emissions. 

Gas  turbines  can  bum  either  liquid  or 
gaseous  fuels.  Dry  and  wet  control  tech¬ 
niques  for  the  control  of  NOx  can  be  ap¬ 
plied  to  gas  turbines  regardless  of  the 
type  of  fuel  burned.  Similarly,  the  firing 
of  low  sulfur  fuel  for  the  control  of  SO, 
emissions  can  be  applied  to  gas  turbines 
regardless  of  the  ts^pe  of  fuel  burned. 
EPA  recognizes  the  fact  that  at  the  pres¬ 
ent  time  gas  turbines  firing  coal-derived 
fuds  probably  could  not  meet  the  stand¬ 
ards  ^  performance.  Cbal-derived  fuels, 
however,  will  not  bo  available  in  com¬ 
mercial  quantities  to  gas  turbines  for  at 
least  ten  years  and  EPA  feels  that  by 
tbat  ttme  the  emission  control  tedinol- 
ogy  for  clean  firing  of  these  fuels  could 
be  developed.  Consequently,  gas  turbines 
biumlng  all  types  of  fuels  are  selected  as 
affected  facilities  for  standards  of  per¬ 
formance. 

For  many  applications  up  to  about 
10,000  hp  stationary  gas  turbines  com¬ 
pete  with  internal  combustion  engines. 
A  standard  of  performance  on  one  of 
these  industries  and  not  the  other  would 
tend  to  give  the  non-regulated  industry 
a  competitive  advantage  to  some  extent. 

Currently,  standards  of  performance 
are  being  developed  for  stationary  inter¬ 
nal  combustion  engines.  Although  rela¬ 
tively  few  internal  combustion  engines  of 
greater  than  1,000  hp  are  produced,  these 
engines  are  responsible  for  75  percent  of 
the  total  NO,  emissions  from  stationary 
internal  combustion  engines.  Under  1,000 
hp,  however,  the  number  of  internal 
combustion  engines  produced  Increases 
tremendously  and  enforcement  of  stand¬ 
ards  of  performance  would  not  be  feas¬ 
ible  in  the  absence  of  a  certification  pro¬ 
gram  similar  to  that  for  automobiles. 
Since  the  Clean  Air  Act  does  not  permit 
standards  of  performance  to  be  eifforced 
by  a  certification  program,  a  lower  size 
cutoff  of  1,000  hp  for  standards  of  per¬ 
formance  for  stationary  internal  com¬ 
bustion  engines  is  considered  appro¬ 
priate.  Consequently,  to  be  consistent  a 
lower  size  cutoff  of  10.7  gigajoules  per 
hour  heat  input  (about  1,000  hp)  is  se¬ 
lected  for  standards  of  performance  for 
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stationary  gas  turbines.  Gas  turbines  less 
than  10.7  gigajoules  per  hour  heat  input 
(about  1,000  hp)  account  for  less  than  10 
percent  of  the  total  NO*  emissions  from 
stationary  gas  turbines.  Below  this  cutoff 
the  standards  limiting  NO*  and  SOj  emis¬ 
sions  would  not  apply. 

Some  stationary  gas  turbines  are  oper¬ 
ated  as  a  mechanical  or  electrical  power 
source  only  when  the  primary  power 
source  for  a  facility  has  been  rendered 
inoperable  by  an  emergency  situation. 
This  t5TJe  of  gas  turbine  operates  infre¬ 
quently,  usually  only  for  checkout  and 
maintenance;  therefore,  it  contributes 
only  a  very  small  amount  to  total  nation¬ 
wide  NO*  emissions.  There  also  could  be 
operational  problems  with  the  water  in¬ 
jection  system  due  to  the  long  periods  of 
non-operation.  Consequently,  emer¬ 
gency-standby  stationary  gas  turbines 
were  exempted  from  standards  of  per¬ 
formance  limiting  NO*  emissions. 

Stationary  gas  turbines  could  contrib¬ 
ute  to  the  creation  of  ice  fog,  which  con¬ 
sists  of  small  ice  crystals  which  are  nu¬ 
cleated  by  airborne  particulate.  Ice  fog 
occurs  at  temperatures  below  -28®  C  and 
is  a  serious  problem  in  only  a  small 
portion  of  the  United  States,  primarily 
Alaska.  Ice  fog  severely  restricts  visibility 
and,  since  the  crystals  are  long-lived,  can 
plague  auto  and  air  traffic  for  extended 
periods.  The  actual  impact  of  water  or 
steam  injection  into  gas  turbines  on  the 
formation  of  ice  fog  is  unknown;  how¬ 
ever,  water  or  steam  injection  will  in¬ 
crease  the  moisture  content  of  the  ex¬ 
haust  gas  discharged  by  gas  turbines. 
Since  ice  fog  occurs  only  in  a  small  por¬ 
tion  of  the  United  States  and  only  under 
special  weather  conditions,  the  impact  on 
air  quality  due  to  increased  NOx  caused 
by  exempting  gas  turbines  creating  ice 
fog  would  be  minimal.  Therefore,  gas 
turbines  using  water  or  steam  Injection 
for  control  of  NOx  emissions  would  be  ex¬ 
empt  from  the  standards  limiting  NOx 
emissions  when  ice  fog  created  by  the  gas 
turbine  is  deemed  by  the  owner  or  opera¬ 
tor  of  the  gas  turbine  to  be  a  traffic  haz¬ 
ard. 

Stationary  gas  tiuhines  are  sometimes 
used  by  the  military  in  combat-type  situ¬ 
ations.  The  main  advantage  of  these  tur¬ 
bines  is  their  mobility,  which  would  be 
considerably  restricted  by  a  water  in¬ 
jection  system  consisting  of  either  water 
treatment  equipment  or  a  water  storage 
vessel.  Restriction  of  the  mobility  of 
these  gas  turbines  could  have  an  adverse 
effect  on  national  defense;  therefore, 
any  military  combat-type  gas  turbine  for 
use  in  other  than  a  garrison  facility  is 
exempt  from  the  standards  limiting  NOx 
emissions. 

The  possibility  of  exempting  some  gas 
turbines  from  the  standard  limiting  SO* 
emissions  was  also  examined.  Except  for 
exempting  all  turbines  of  less  than  10.7 
gigajoules  per  hour  heat  input  (about 
1,000  hp) ,  no  exemptions  were  considered 
necessary. 

SELECTION  OF  THE  BEST  SYSTEM  OF 
EMISSION  REDUCTION 

There  are  three  possible  control  tech¬ 
niques  for  reducing  NOx  emissions  from 


stationary  gas  turbines:  wet  controls,  dry 
controls,  and  catalytic  exhaust  cleanup. 
Wet  controls  involve  the  injection  of 
water  or  steam  into  the  combustion  reac¬ 
tion  to  reduce  peak  flame  temperatures, 
thereby  reducing  NOx  formation.  Wet 
control  techniques  have  been  demon¬ 
strated  on  a  few  large  gas  turbines 
(greater  than  10,000  hp)  used  in  utility 
and  industrial  applications.  These  in¬ 
stallations  have  had  good  reliability  over 
long  periods  of  operation.  Wet  controls, 
however,  have  not  been  applied  to  sma.ll 
production  gas  turbines  (less  than  10,000 
hp) ,  although  the  effectiveness  of  these 
techniques  for  small  gas  turbines  has 
been  demonstrated  in  laboratory  and 
combustor  rig  tests.  Thus,  wet  controls 
can  be  applied  immediately  to  large  sta¬ 
tionary  gas  turbines,  but  manufactiu-ers 
estimate  that  at  least  three  years  would 
be  required  to  incorporate  and  test  wet 
control  techniques  on  small  production 
gas  turbines. 

Dry  controls  consist  of  operational  or 
design  modifications  which  govern  com¬ 
bustion  conditions  to  reduce  NOx  forma¬ 
tion.  Although  dry  controls  have  been 
demonstrated  in  laboratory  and  combus¬ 
tor  rig  tests,  manufactiu-ers  estimate 
that  up  to  five  years  is  required  for  fur¬ 
ther  development,  design,  test,  and  in¬ 
corporation  of  dry  controls  on  large  and 
small  stationary  gas  turbines. 

Catalytic  exhaust  gas  cleanup  consists 
of  NOx  reduction  by  ammonia  in  the 
presence  of  a  catalyst.  While  laboratory 
tests  are  very  promising,  this  technique 
is  not  demonstrated  for  stationary  gas 
turbines. 

The  NOx  emission  reduction  achiev¬ 
able  with  wet  and  dry  control  techniques 
clearly  favors  the  development  of  stand¬ 
ards  of  performance  based  on  wet  con¬ 
trols.  Reductions  in  NOx  emissions  of 
more  than  70  percent  have  been  demcm- 
strated  using  wet  controls.  Dry  controls, 
however,  have  demonstrated  NOx  emis¬ 
sion  reductions  of  only  about  30  percent. 

Standards  of  performance  based  on 
wet  controls  would  reduce  national  Nox 
emissions  by  about  190,000  tons  per  year 
in  1982.  In  contrast,  standards  of  per¬ 
formance  based  on  dry  controls  would 
have  no  impact  on  national  NOx  etiUs- 
«'sions  in  1982,  due  to  the  necessity  of 
allowing  a  five-year  delay  to  Incorporate 
dry  controls  on  gas  tinbines.  By  1987, 
standards  based  on  wet  controls  would 
reduce  national  NOx  emissions  by  about 
400,000  tons  i>er  year,  wheresis  standards 
based  on  dry  controls  would  reduce  NOx 
emissions  by  only  about  90,000  tons  per 
year.  Thus,  standards  of  performance 
based  on  wet  controls  would  have  a  much 
greater  impact  on  national  NOx  emis¬ 
sions  than  standards  based  on  dry  con¬ 
trols. 

The  water  pollution  impact  of  stand¬ 
ards  based  on  wet  controls  would  be 
minimal.  Water  needed  for  wet  controls 
may  be  treated  by  the  same  processes 
used  to  treat  steam  boiler  make-up 
water.  The  quality  of  the  wastewater 
from  this  treatment  is  essentially  the 
same  as  the  influent  water  except  that 
the  concentration  of  total  dissolved 
solids  in  the  effluent  stream  is  -3  to  4 


times  that  of  the  influent.  In  most  cases, 
the  effluent  may  be  sewered  directly  or 
returned  to  the  river  supplying  the 
water.  Where  this  is  not  possible,  the 
effluent  may  be  discharged  to  an  evapo¬ 
ration  pond.  Consequently,  the  water 
pollution  impact  of  standards  based  on 
wet  controls  would  be  minimal. 

The  quantity  of  water  required  by  a 
stationary  gas  turbine  using  wet  con¬ 
trols  is  relatively  small.  The  upper  limit 
water-to-fuel  ratio  of  about  1  : 1  re¬ 
quires  only  about  5  percent  of  the  quan¬ 
tity  of  water  consumed  by  a  comparable 
size  steam  boiler  using  cooling  towers.  A 
water  treatment  system  for  five  28  MW 
stationary  gas  turbines  operating  10 
hours  per  day  using  a  water-to-fuel  ratio 
of  1  :  1,  for  example,  would  treat  125,000 
gallons  of  water  and  reject  about  25,000 
gallons  of  wastewater  per  day,  A  steam 
boiler  of  comparable  size  with  cooling 
towers  would  consume  20  times  as  much 
water.  In  fact,  the  usage  rate  of  water  for 
wet  controls  is  small  enough  that  the  un¬ 
likely  prospect  of  having  to  truck  water 
50  miles  was,  determined  to  be  economi¬ 
cally  reasonable  as  discussed  below. 
Standards  based  on  dry  controls,  how¬ 
ever,  would  have  no  impact  on  water 
pollution  or  water  supplies. 

Standards  based  on  wet  controls  would 
have  a  negligible  solid  waste  impact. 
Also,  there  would  be  no  adverse  noise  im¬ 
pact  resulting  from  standards  based  on 
either  wet  or  dry  controls. 

The  potential  energy  impact  of  stand¬ 
ards  based  on  wet  controls  is  small. 
Standards  based  on  wet  controls  could 
increase  the  fuel  consumption  of  a  gas 
turbine  from  0  to  5  percent,  depending 
on  the  rate  of  water  injection  required  to 
comply  with  the  standard.  Few  turbines 
will  require  the  high  water  injection 
rates  (about  1  :  1  water-to-fuel  ratios) 
which  result  in  a  5  percent  fuel  penalty. 
Assuming,  however,  that  all  stationary 
gas  turbines  subject  to  compliance  with 
standards  would  require  a  1  : 1  water-to- 
fuel  ratio,  the  energy  impact  on  large 
stationary  gas  turbines  would  be  an  in¬ 
crease  in  fuel  consumption  of  about 
5500  barrels  of  fuel  oil  per  day  in  1982. 
The  energy  impact  on  small  stationary 
gas  turbines  would  be  an  increase  in  fuel 
consumption  of  about  7,000  barrels  per 
day  of  fuel  oil  in  1987,  as  a  result  of  the 
delayed  effective  date  of  the  prcHxised 
standards  on  small  turbines.  Each  in¬ 
crease  represents  less  than  a  0.03  percent 
increase  in  projected  crude  oil  consump¬ 
tion  in  the  United  States  in  1982  and 
1987.  It  should  also  be  recognized  that 
these  estimates  are  based  on  assumptions 
which  yield  the  greatest  energy  im¬ 
pacts.  Actual  energy  impacts  are  ex¬ 
pected  to  be  much  lower.  The  energy  im¬ 
pact  of  standards  based  on  wet  controls, 
therefore,  would  be  minimal.  Standards 
based  on  dry  controls,  however,  would 
have  no  energy  impact. 

Although  wet  controls  would  result  in 
a  small  adverse  impact  on  gas  turbine 
efficiency,  the  costs  associated  with  this 
increased  fuel  consumption  for  some  ap¬ 
plications  may  be  partially  offset  by  an 
increase  in  the  gas  turbine’s  rated  power 
output  capability.  aBsed  on  manufac¬ 
turer’s  estimates,  gas  turbine  baseload 


FEDERAL  REGISTER,  VOL  42,  NO.  191— MONDAY,  OaOBER  3,  1977 


PROPOSED  RULES 


53785 


capacity  will  be  increased  by  3  to  4  per¬ 
cent  as  a  result  of  water  injection.  In  ap¬ 
plications  where  turbines  are  operated 
at  maximum  capacity,  such  as  utility 
power  generation  and  pipeline  compres¬ 
sors  stations,  this  increased  baseload  ca¬ 
pacity  essentially  reduces  the  installed 
costs  per  kilowatt  by  the  percentage  in¬ 
crease  in  the  capacity  of  the  unit,  thus 
slightly  reducing  the  cost  impact  of 
standards  based  on  wet  controls. 

The  economic  impacts  associated  with 
standards  based  on  either  wet  or  dry 
controls  would  be  small  and  are  con¬ 
sidered  reasonable.  Dry  control  costs  are 
difficult  to  quantify.  Many  manufac¬ 
turers,  however,  have  indicated  that  the 
cost  of  dry  controls  would  not  exceed 
the  cost  of  wet  controls.  Consequently, 
the  analysis  of  the  eonomic  impact  of 
standards  of  performance  was  based  on 
the  costs  of  wet  controls  and  assumes 
that  the  costs  of  dry  controls,  and  hence 
the  economic  impact  of  standards  based 
on  dry  controls,  would  be  comparable. 
Standards  of  performance,  therefore, 
based  on  either  wet  or  dry  controls  would 
increase  the  capital  cost  of  a  gas  turbine 
for  most  applications  by  about  1  to  4 
percent.  FV)r  offshore  industrial  applica¬ 
tions  where  desalinization  equipment  is 
required  to  provide  water  for  wet  con¬ 
trols,  standards  would  result  in  a  7  per¬ 
cent  increase  in  the  capital  cost  of 
a  gas  turbine.  Hie  annualized  costs  for 
a  stationary  gas  turbine  in  all  applica¬ 
tions  would  be  increased  by  about  1  to  4 
percent,  with  utility  applications  realiz¬ 
ing  less  than  a  2  percent  increase. 

Although  it  is  unlikely  that  a  station¬ 
ary  gas  turbine  would,  of  necessity,  be 
Installed  In  an  arid  area,  an  analysis  was 
performed  which  assumed  that  water 
would  have  to  be  transported  to  the 
gas  turbine  site  by  truck  over  a  distance 
of  50  miles.  This  unlikely  situation  would 
result  in  less  than  a  4  percent  increase 
in  the  annualized  cost  of  the  gas  turbine. 

Standards  of  performance  based  on 
wet  controls  would  increase  the  total 
capital  Investment  requirements  for  all 
Industrial  and  commercial  users  of  large 
stationary  gas  turbines  (greater  than 
10,000  hp)  by  about  36  million  dollars 
by  1982.  Total  annualized  costs  would 
be  increased  by  about  11  million  dollars 
per  year  in  1982.  Standards  of  per¬ 
formance  based  on  wet  controls  would 
have  an  additional  economic  impact  on 
users  of  small  stationary  gas  turbines 
(less  than  10,000  hp)  beginning  in  1987. 
Hius,  for  the  period  of  1982  through 
1987,  the  capital  investment  require¬ 
ments  for  all  stationary  gas  turbine  users 
would  be  about  67  million  dollars.  The 
total  annualized  costs  would  be  about  30 
million  dollars  by  1987.  Ihese  impacts 
would  translate  into  price  increases  for 
the  end  products  or  services  provided  by 
these  industrial  and  ccmunercial  users 
of  stationary  gas  turbines  ranging  from 
less  than  0.01  percent  In  the  petroleum 
refining  industry  to  about  0.1  percent  in 
the  electric  utility  industry.  Thus,  the 
economic  imp>act  of  standards  of  per¬ 
formance  based  on  wet  controls  would 
be  very  small. 
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Standards  of  performance  based  on 
dry  controls  would  have  no  economic  im¬ 
pact  by  1982.  Following  1982,  however, 
the  eonomic  impact  of  standards  based 
on  dry  controls  would  be  comparable 
to  that  of  standards  based  on  wet  con¬ 
trols. 

Based  on  this  assessment  of  the  im¬ 
pacts  of  standards  of  performance  based 
on  wet  controls  and  dry  controls,  wet 
controls  were  selected  as  the  “•  *  *  best 
system  of  emission  reduction  (consider¬ 
ing  cost)  *  •  *”  for  reduction  of  NO,. 

There  are  two  possible  control  tech¬ 
niques  for  reducing  SOj  emissions  from 
stationary  gas  turbines:  flue  gas  desul¬ 
furization  (FK>D)  and  the  firing  of  low 
sulfur  fuels.  FGD,  however,  would  cost 
about  two  to  three  times  as  much  as 
the  gas  turbine.  The  economic  impact 
of  standards  of  performance  for  station¬ 
ary  gas  turbines  based  on  FGD,  there¬ 
fore,  is  not  considered  reasonable. 

Low  sulfur  fuels,  such  as  premium 
distillate  oils  or  natural  gas,  are  now 
being  burned  by  nearly  all  stationary  gas 
turbines.  These  premium  fuels  are  being 
burned  primarily  because  the  increased 
maintenance  costs  associated  with  firing 
heavy  fuel  oils  are  greater  than  the  sav¬ 
ings  that  would  be  realized  by  buying 
these  cheaper  heavy  or  residual  fuel  oils. 
Over  the  next  five  to  ten  years,  how¬ 
ever,  as  oil  prices  continue  to  escalate, 
the  price  differential  between  premium 
distillate  fuel  oils  and  heavy  fuel  oils 
will  probably  increase  and  the  economic 
Incentive  to  burn  the  premium  fuels  will 
probably  become  marginal. 

In  this  situation  and  in  the  absence 
of  regulations  requiring  stationary  gas 
turbines  to  fire  specific  fuels,  the  choice 
between  firing  either  premium  distillate 
fuel  oils  or  heavy  fuel  oils  will  likely 
be  decided  on  the  basis  of  the  relative 
bonvenienoe  and  availability  of  these 
fuels.  Premium  distillate  fuel  oils  are 
more  convenient  to  bum  than  heavy 
fuel  oils  because  they  have  a  lower  vis¬ 
cosity  and  are  easier  to  handle.  Heavy 
fuel  oUs  frequently  require  heating,  for 
example,  to  reduce  their  viscosity  to  the 
point  where  they  can  be  readily  pumped 
from  one  location  to  another.  Even  if 
the  price  differential  between  premium 
distillate  fuel  oils  and  heavy  fuel  oils 
were  to  Increase  to  the  point  where  the 
firing  of  heavy  fuel  oils  was  marginally 
attractive,  the  greater  inconvenience  of 
scheduling  and  performing  the  addi¬ 
tional  maintenance  would  probably 
cause  a  gas  turbine  owner  or  operator 
to  choose  to  fire  the  premium  dlstiilate 
fuel  oil.  On  the  basis  of  convenience, 
therefore,  stationary  gas  timbines  are 
likely  to  continue  firing  premium  dis¬ 
tillate  fuel  oils  even  if  the  economic  in¬ 
centive  to  do  so  becomes  maminaL 
The  impact  on  ambient  air  quality  of 
standards  of  performance  based  on  the 
firing  of  low  sulfur  premium  distillate 


with  standards  based  on  the  firing  of  low 
sulfur  premium  distillate  fuel  oils. 

Based  on  this  assessment  of  the  im¬ 
pacts  of  standards  of  performance  based 
on  the  firing  of  low  sulfur  fuel  oils,  this 
control  technique  is  selected  as  “*  *  * 
the  best  system  of  emission  reduction 
(considering  costs)  *  *  *”  for  the  reduc¬ 
tion  of  SO2  emissions. 

SELECTION  OF  FORMAT  FOR  THE  STANDARDS 

A  number  of  different  formats  could 
be  selected  to  limit  NO,  emissions  from 
stationary  gas  turbines.  Mass  standards 
limiting  emissions  in  terms  of  power  out¬ 
put  (i.e.,  mass  of  emissions  per  imit  of 
power  output)  or  concentration  stand¬ 
ards  limiting  the  concentration  of  emis¬ 
sions  in  the  exhaust  gases  discharged  into 
the  atmosphere  could  be  developed. 

While  mass  standards  may  appear 
more  meaningful  in  the  sense  that  they 
relate  directly  to  the  quantity  of  emis¬ 
sions  discharged  into  the  atmosphere, 
enforcement  of  mass  standards  is  more 
costly  and  the  results  more  subject  to 
error  than  enforcement  of  concentration 
standards. 

Concentration  standards,  however, 
must  be  written  to  insure  that  the  stand¬ 
ards  are  not  met  merely  by  addition  of 
dilution  air.  For  combustion  processes, 
this  can  be  accomplished  by  correcting 
measmed  concentration  to  a  reference 
concentration  of  O2  (oxygen).  The  Oj 
concentration  in  the  exhaust  gases  is 
related  to  the  excess  (or  dilution)  air. 
Typical  O3  concentrations  in  gas  turbine 
exhaust  gases  are  about  15  percent.  Thus, 
referencing  standards  to  15  percent 
oxygai  effectively  precludes  circumven¬ 
tion  by  dilution.  Consequently,  concen¬ 
tration  standards  referenced  to  15  per¬ 
cent  oxygen  were  selected  as  the  format 
for  standards  of  performance  for  sta¬ 
tionary  gas  turbines. 

Selection  of  a  concentration  format, 
however,  could  i>€iialize  high  efficiency 
gas  turbines.  Higher  efficiencies  are 
normally  achieved  by  increasing  com¬ 
bustor  operating  pressures  and  tempera¬ 
tures  and  NO,  formation  generally  in¬ 
creases  exponentially  with  increased 
pressure  and  temperature.  High  efficiency 
turbines,  therefore,  generally  discharge 
gases  with  higher  NO,  concentrations 
than  low  efficiency  turbines.  A  concen¬ 
tration  standard  based  on  low  efficiency 
turbines  could  restrict  the  use  of  some 
high  efficiency  turbines.  Conversely,  a 
concentration  standard  based  on  high 
efficiency  turbines  could  allow  such  high 
NO,  concentrations  that  low  efficiency 
turbines  would  require  no  controls.  Con¬ 
sequently,  having  selected  a  concentra¬ 
tion  format  for  standards  of  perform¬ 
ance,  an  efficiency  adjustment  factor 
needed  to  be  selected  to  permit  higher 
NO,  emissions  from  high  efficiency  gas 
turbines. 

NO,  emissions  tend  to  increase  ex¬ 
ponentially  with  increased  efficiency.  It 
is  not  reasonable  from  an  emission  con¬ 
trol  viewpoint,  however,  to  select  an  ex¬ 
ponential  efficiency  adjustment  factor. 


fuel  oils  in  gas  turbines,  therefore,  would 
be  negligible.  The  economic  impact  would 


also  be  negligible  for  the  same  reason  Such  an  adjustment  would  at  some 
and  there  would  be  no  water,  energy,  point  allow  very  large  increases  in  emis- 
solid  waste  or  noise  impact  associated  sions  for  very  small  increases  in  effi- 
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ciency.  The  objective  of  an  efiBciency 
adjustment  factor  should  be  to  give  an 
emission  credit  for  the  lower  fuel  con¬ 
sumption  of  high  eflBciency  gas  turbines. 
Since  the  relative  fuel  consumption  of 
gas  turbines  varies  linearly  with  effi¬ 
ciency,  a  linear  efficiency  adjustment 
factor  is  selected  to  permit  increased  NOx 
emissions  from  high  efficiency  gas  tur¬ 
bines.  A  linear  efficiency  adjustment 
factor  also  effectively  limits  NO,  emis¬ 
sions  to  a  constant  mass  emission  rate 
per  unit  of  power  output. 

The  efficiency  adjustment  factor  must 
be  referenced  to  a  oaseline  efficiency. 
Since  most  existing  simple  cycle  gas  tur¬ 
bines  fall  in  the  range  of  20  to  30  percent 
efficiency,  25  percent  was  selected  as  the 
baseline  efficiency.  The  efficiency  of 
stationary  gas  turbines  is  usually  ex¬ 
pressed  in  terms  of  heat  rate  which  is  the 
ratio  of  heat  input,  based  on  lower  heat¬ 
ing  value  (LHV)  of  the  fuel,  to  the 
mechanical  power  output.  The  heat  rate 
of  a  gas  turbine  operating  at  25  percent 
efficiency  is  14.4  kilojoules  per  watt -hr 
(10,180  Btu  per  hp-hr).  Thus,  the  linear 
adjustment  factor  as  presented  in  the 
relation  was  selected  to  permit  in¬ 
creased  NOx  emissions  from  high  effi¬ 
ciency  stationary  gas  turbines. 

The  intent  of  the  efficiency  adjust¬ 
ment  factor  is  to  permit  a  linear  increase 
in  NO,  emissions  with  increased  efficien¬ 
cies  above  25  percent.  Consequently,  the 
adjustment  factor  would  not  be  used  to 
adjust  the  emission  limit  downward  for 
gas  turbines  with  efficiencies  of  less  than 
25  percent. 

The  rationale  for  selection  of  the  for¬ 
mat  for  SO:  emissions  is  much  the  same 
as  that  discussed  above  for  NO,  emis¬ 
sions.  Thus,  to  be  consistent  with  the 
format  selected  for  standards  limiting 
NO,  emissions,  a  concentration  standard 
is  chosen  as  the  format  for  the  SO: 
standard.  An  emission  limit  in  terms  of 
percent  fuel  sulfur  content  has  also  been 
Included  in  the  SO:  standard  to  give  the 
owner  or  operator  tiie  flexibility  of  either 
measuring  the  SO:  concentration  of  the 
exhaust  gas  or  analyzing  the  fuel  being 
fired  in  the  turbine.  Either  format  for 
the  SO:  standard  can  be  used  since  nearly 
all  of  the  sulfur  in  the  fuel  is  converted 
to  SO:. 

The  efficiency  factor  associated  with 
the  NO,  emission  limit  would  not  apply 
to  the  SO:  emission  limit,  however,  be¬ 
cause  SO:  emissions  do  not  vary  with 
turbine  efficiency. 

SELECTION  OF  THE  EMISSION  LIMITS 

The  available  data  on  emission  from 
stationary  gas  turbines  using  wet  con¬ 
trols  come  primarily  from  simple  cycle 
gas  turbine  and  combustor  rig  tests.  No 
reliable  data  was  available  concerning 
NO,  emissions  from  regenerative  cycle 
gas  turbines  using  wet  controls,  although 
some  dry  control  data  was  obtained. 
Careful  consideration,  therefore,  was 
given  to  the  question  of  whether  regen¬ 
erative  cycle  gas  turbines  could  be  con¬ 
trolled  to  the  same  emission  levels  as 
simple  cycle  eras  turbines. 

There  is  general  agreement  that  wet 
controls  will  give  essentially  the  same 


percentage  reduction  in  NO,  emissions 
from  regenerative  cycle  gas  turbines  as 
from  simple  cycle  gas  turbines.  Thus,  the 
question  becomes  whether  uncontrolled 
NO-  emissions  from  regenerative  cycle 
gas  turbines  are  higher  than  those  from 
simple  cycle  gas  turbines.  On  flrst  com¬ 
parison,  No,  emissions  from  regenerative 
cycle  gas  turbines  appear  higher  than 
those  from  simple  cycle  gas  turbines. 
Regenerative  cycle  gas.  turbines,  how¬ 
ever,  frequently  operate  at  higher  ther¬ 
mal  efficiencies  than  simple  cycle  gas  tur¬ 
bines,  and  when  NO,  emissions  are  plot¬ 
ted  against  gas  turbine  thermal  effi¬ 
ciency,  emissions  from  regenerative  and 
simple  cycle  gas  turbines  do  not  appear 
significantly  different.  As  a  result,  the 
application  of  wet  controls  to  either  re¬ 
generative  or  simple  cycle  gas  turbines  of 
comparable  thermal  efficiencies  should 
reduce  NO-  emissions  to  essentially  the 
same  level.  Consequently,  regenerative 
cycle  gas  turbines  would  be  subject  to 
the  same  emission  limit  as  simple  cycle 
gas  turbines. 

The  data  also  indicate  that  gas  tur¬ 
bines  firing  gaseous  fuels  typically  have 
slightly  lower  controlled  NO-  emission 
levels  than  gas  turbines  firing  distillate 
fuels.  Again,  considering  only  the  data 
representing  major  NO,  control  efforts, 
controlled  emissions  from  gas  turbines 
firing  gaseous  fuels  range  from  about 
15  to  50  ppmv,  while  controlled  emissions 
from  gas  turbines  firing  distillate  fuels 
range  from  about  25  to  60  ppmv.  This 
slight  difference  in  controll^  emissiwi 
levels  does  not  warrant  the  selection  of 
a  separate  emission  limit  for  each  type 
of  fuel.  Only  one  emission  limit,  there¬ 
fore,  was  selected  which  applies  to  gas 
turbines  burning  'all  types  of  fuel. 

Based  on  this  emission  data  and  allow¬ 
ing  for  some  uncertainty  in  the  limited 
data  base,  75  ppmv  NO-  corrected  to 
15  percent  oxygen  was  selected  as  the 
numerical  emission  limit  for  stationary 
gas  turbines. 

The  gaseous  and  premium  distillate 
fuels  which  have  traditionally  been 
burned  in  stationary  gas  turbines  con¬ 
tain  little  or  no  “fuel-bound”  or  “or¬ 
ganic”  nitrogen.  However,  heavy  resid¬ 
ual  fuel  oils  and  crude  oils  can  contain 
high  levels  of  fuel-bound  nitrogen.  Total 
NOx  emissions  from  any  combustion 
source.  Including  stationary  gas  turbines, 
are  a  function  of  both  thermal  NOx  and 
organic  NOx  formation.  Thermal  NOx  is 
formed  in  a  well  defined  high  tempera¬ 
ture  reaction  between  nitrogen  and  oxy¬ 
gen  from  the  combustion  air.  Organic 
NOx,  however,  is  formed  by  the  com¬ 
bination  of  fuel-bound  nitrogen  with 
oxygen  during  combustion.  The  reaction 
mechanism  is  not  fully  imderstood.  Wet 
controls  are  effective  for  reducing  ther¬ 
mal  NOx,  but  are  not  effective  for  re¬ 
ducing  organic  NOx. 

Three  alternatives  were  considered  to 
address  the  fuel-bound  nitrogen  contri¬ 
bution  to  total  NOx  emissions  from  sta¬ 
tionary  gas  turbines.  The  flrst  alterna¬ 
tive  would  have  exempted  heavy  or  re¬ 
sidual  fuel  oils  from  standards  of  per¬ 
formance.  This  approach  would  have  al¬ 


lowed  gas  turbines  firing  heavy  residual 
fuel  oils  to  operate  with  no  emiKion  con¬ 
trols.  In  addition  to  the  difficulties  of 
distinguishing  between  premium  and  re¬ 
sidual  fuel  oils  in  the  standards,  this  ap¬ 
proach  would  have  encouraged  owners 
or  operators  to  bum  heavy  or  residual 
fuel  oils  as  a  means  of  evading  standards 
of  performance. 

The  second  alternative  would  have 
been  to  base  standards  of  performance 
on  the  firing  of  low  nitrogen  fuels.  This 
approach  would  have  required  emission 
controls  on  all  new,  modified,  and  re¬ 
constructed  stationary  gas  turbines,  but 
would  have  effectively  precluded  the  flr- 
ing  of  fuels  other  than  those  premium 
gaseous  and  distillate  fuels  which  tur¬ 
bines  are  now  using.  Firing  of  heavy  or 
residual  fuel  oils  would  have  required 
major  breakthroughs  in  controlling  or¬ 
ganic  NOx  formation,  or  additional  re¬ 
fining  of  these  fuels  to  reduce  their  ni¬ 
trogen  content  (as  well  as  their  sulfur 
content)  to  a  level  equivalent  to  that 
of  premiiun  distillate  fuels. 

The  third  alternative  would  include 
an  adjustment  to  the  NOx  emission  limit 
as  a  function  of  the  fuel-bound  nitro¬ 
gen  level  in  the  fuel  fired.  This  approach 
would  require  NOx  controls  on  all  new 
stationary  gas  turbines,  but  would  not 
restrict  new,  modified  or  reconstructed 
gas  turbines  to  firing  premium  gaseous 
and  distillate  fuels.  Thus,  stationary  gas 
turbines  would  not  be  penalized  for  fir¬ 
ing  heavy  fuel  oils,  nor  would  there  be 
any  added  impetus  toward  the  firing 
of  heavy  or  residual  fuel  oils  in  order 
to  evade  standards  of  performance. 

As  discussed  earlier,  low  sulfur  fuels, 
such  as  premium  distillate  fuel  oils  or 
natural  gas  are  now  being  fired  by  nearly 
all  stationary  gas  turbines.  These  pre¬ 
mium  fuels  are  being  fired  primarily  be¬ 
cause  the  increased  maintenance  costs 
associated  with  flring  heavy  fuel  oils  are 
greater  than  the  savings  that  would  be 
realized  by  buying  these  less  expensive 
heavy  or  residual  fuel  oils.  Over  the  next 
five  to  ten  years,  however,  as  oil  prices 
continue  to  escalate,  the  price  differen¬ 
tial  between  premium  distillate  fuel  oils 
and  heavy  fuel  oils  will  probably  in¬ 
crease  and  economic  incentive  to  Are  the 
premium  fuel  oils  will  probably  become 
marginal.  It  Is  also  i>ossible  that  there 
could  be  limited  supplies  of  premium 
distillate  fuel  oils  over  the  next  five  to 
ten  years  due  to  declining  production  of 
oil  and  natural  gas  in  the  United  States, 
increased  demands  for  these  premium 
fuels  by  users  other  than  gas  turbines 
which  cannot  utilize  heavy  or  residual 
fuel  oils,  and  the  uncertainty  of  addi¬ 
tional  crude  oil  supplies  in  the  world 
energy  markets.  In  fact,  in  anticipation 
of  the  possibility  of  limited  supplies  of 
premium  distillate  fuel  oils,  approxi¬ 
mately  50  percent  of  the  new  gas  tur¬ 
bines  on  order  are  being  designed  to  al¬ 
low  the  owner  or  operator  the  flexibility 
of  flring  either  premium  distillate  fuel 
oils,  or  residual  or  heavy  fuel  oils.  Con¬ 
sequently,  in  order  to  provide  gas  tur¬ 
bine  owners  and  operators  the  flexibility 
to  Are  either  premium  or  heavy  and  re¬ 
sidual  fuels,  but  to  ensure  that  standards 
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of  performance  add  no  impetus  toward 
the  firing  of  heavy  fuel  oils  as  a  means 
of  evading  standards,  alternative  three 
is  selected  for  standards  of  performance 
limiting  NOx  emissions  from  stationary 
gas  turbines. 

An  allowance  in  the  NO,  emission  limit 
dependent  on  fuel-boimd  nitrogen  level 
with  no  upper  limit  on  emissions,  how¬ 
ever,  could  permit  extremely  high  NO, 
emissions  when  fuels  with  very  high  ni¬ 
trogen  contents  are  fired,  liius,  it  is 
essential  that  restraints  be  placed  on 
such  an  emission  allowance.  Therefore, 
a  fuel-bound  nitrogen  allowance  was  de¬ 
veloped  that  allows  approximately  50 
percent  availability  of  the  heavy  fuel 
oils.  This  corresponds  to  a  fuel-bound 
nitrogen  content  of  0.25  percent.  Firing 
a  fuel  with  0.25  percent  nitrogen  content 
Increases  controlled  NO,  emissions  by 
about  50  ppm. 

The  effect  of  ambient  atmospheric 
conditions  on  NO,  emissions  from  sta¬ 
tionary  gas  turbines  is  substantial.  Large 
changes  in  relative  humidity,  for  ex¬ 
ample,  can  cause  NO*  emissions  to  vary 
by  a  factor  of  2  or  more.  In  order  to  in¬ 
sure  that  standards  of  performance  are 
enforced  uniformly,  therefore,  the  effect 
of  ambient  atmospheric  conditions 
was  derived  by  extracting  the  common 
elements  from  several  ambient  condi¬ 
tion  corrrection  factors  proposed  by  gas 
turbine  manufacturers.  This  correction 
factor,  therefore,  represents  the  general 
effect  of  ambient  atmospheric  conditions 
on  NO,  emissions.  Consequently,  the 
ambient  condition  correction  factor,  as 
presented  in  the  regulation,  or  an  alter¬ 
native  correction  factor  as  discussed  be¬ 
low,  will  be  used  to  adjust  measured  NO, 
emissions  during  any  performance  test 
to  determine  compliance  with  the  nu¬ 
merical  emission  limit. 

As  an  alternative,  gas  turbine  manu¬ 
facturers,  owners,  or  operators  may  elect 
to  develop  custom  ambient  condition 
correction  factors  for  adjusting  meas¬ 
ured  NO,  emissions  from  particular  gas 
turbine  models  to  ISO  standard  ambient 
conditions  of  pressure  (101.3  kilopas- 
cals),  humidity  (60  percent  relative  hu¬ 
midity),  and  temperature  (288  degrees 
Kelvin).  Some  gas  turbine  manufac¬ 
turers  have  proposed  ambient  condition 
correction  factors  which  include  vari¬ 
ables  such  as  fuel-to-air  ratios  and  com¬ 
bustor  temperatures.  These  variables  are 
difficult  to  measure  and  are  operating 
parameters  which  may  vary  widely  due 
to  factors  other  than  ambient  conditions. 
For  this  reason,  any  custom  ambient 
condition  correction  factor  must  be  de¬ 
veloped  in  terms  of  the  following  vari¬ 
ables  only:  combustor  inlet  pressure, 
ambient  ^r  pressure,  ambient  air  hu¬ 
midity,  and  ambient  air  temperature.  All 
ambient  condition  correction  factors 
must  be  substantiated  with  data  and 
then  approved  for  use  by  EPA  before 
they  can  be  used  in  determining  compli¬ 
ance  with  the  NOx  emission  limit.  Am¬ 
bient  condition  correction  factors  will  be 
applied  to  all  performance  tests,  not  only 
those  in  which  the  use  of  such  factors 
would  reduce  measured  emission  levels. 


Some  delay  is  required  before  the  NO, 
standard  of  performance  can  be  applied 
to  small  stationary  gas  turbines.  A  delay 
is  necessary  to  provide  time  for  manu¬ 
facturers  to  incorporate  NO,  controls  on 
their  small  production  stationary  gas 
turbine  models.  It  is  estimated  that 
about  three  years  delay  in  the  effective 
date  of  the  standard  for  small  stationary 
gas  turbines  would  be  required  to  allow 
manufacturers  time  to  incorporate  and 
test  wet  controls  on  these  gas  turbines. 
Some  manufacturers  have  expressed  op¬ 
timism  at  being  able  to  meet  the  NO, 
standards  using  dry  controls  if  given 
about  five  years  delay.  Since  small  gas 
turbines  represent  only  about  10  to  15 
percent  of  the  total  NO,  emissions  from 
stationary  gas  turbines,  the  difference 
in  environmental  impact  of  a  three-year 
versus  five-year  delay  would  be  small. 
Additionally,  a  three-year  delay  would 
essentially  force  these  manufacturers  to 
incorporate  wet  controls,  whereas  a  five- 
year  delay  would  provide  the  flexibility 
to  use  wet  controls  or  to  develop  and  use 
dry  controls.  Consequently,  five  years 
was  selected  as  the  delay  period  for  im¬ 
plementation  of  the  NO,  emission  limit 
on  small  stationary  gas  turbines. 

In  selecting  the  size  cutoff  to  differen¬ 
tiate  between  large  and  small  stationary 
gas  turbines,  consideration  was  given  to 
the  purpose  for  the  cutoff  and  the  effect 
on  competitive  markets.  The  purpose  of 
the  cutoff  is  to  differentiate  between 
large  gas  turbines  where  wet  controls 
have  been  conunercially  demonstrated 
and  small  gas  turbines  where  wet  con¬ 
trols  although  effective,  have  not  been 
generally  applied  on  a  commercial  basis. 
Consideration  of  the  market  data  reveals 
that  there  are  two  major  competitive 
markets  for  stationary  gas  turbines 
which  can  be  generally  described  as 
small  gas  turbines  and  large  gas  turbines. 
The  size  range  of  5000  to  10,000  horse¬ 
power  essentially  separates  these  two 
markets.  All  gas  turbines  above  this 
range  are  manufactmed  by  companies 
which  have  developed  wet  control  sys¬ 
tems  for  their  stationary  gas  turbines. 
The  size  cutoff,  therefore,  between  small 
and  large  gas  turbines  was  selected  as 
the  upper  end  of  this  range.  Thus,  large 
stationary  gas  turbines  are  defined  as 
those  with  heat  input  at  peak  load  of 
greater  than  107.2  gigajoules  per  hour 
(approximately  10,000  horsepower  for  a 
25  percent  efficient  gas  turbine). 

The  best  system  of  emission  reduction, 
considering  costs,  selected  for  SO,  emis¬ 
sions  was  the  firing  of  low  sulfur  fuel  oils. 
To  be  consistent  with  the  objective  of  the 
fuel-bound  nitrogen  allowance  NO,  emis¬ 
sion  limit  and  allow  for  approximately 
50  percent  availability  of  the  residual  and 
heavy  fuel  oils,  the  SO,  emission  limit  is 
selected  as  150  ppm  referenced  to  15  per¬ 
cent  O,  which  corresponds  to  a  fuel  sul¬ 
fur  content  of  0.8  percent  by  weight. 

The  five-year  delay  of  the  NO,  emission 
limit  applied  to  small  gas  turbines  (less 
than  10,000)  to  provide  manufacturers 
time  to  incorporate  wet  controls  onto 
their  turbines  would  not  apply  to  the 
SO,  emission  limit  since  the  control  tech¬ 


nique  of  burning  low  sulfur  fuds  is  now 
available  to  all  turbines. 

It  should  be  noted  that  standards  of 
performance  for  new  sources  established 
under  Section  111  of  the  Clean  Air  Act 
reflect  emission  hmits  achievable  with 
the  best  adequately  demonstrated  sys¬ 
tems  of  emission  i^uction  considering 
the  cost  of  such  systems.  State  imple¬ 
mentation  plans  ( SIP’S )  approved  or 
promulgated  under  Section  110  of  the 
Act,  on  the  other  hand,  must  provide  for 
the  attainmnt  and  maintenance  of  Na¬ 
tional  Ambient  Air  Quality  Standards 
(NAAQS)  designed  to  protect  public 
health  and  welfare.  For  that  purpose 
SIP’S  must  in  some  cases  require  greater 
emission  reductions  than  those  required 
by  standards  of  performance  for  new 
sources.  For  example,  EPA’s  Interpreta¬ 
tive  Ruling  (41  FR  55524,  Deceml^r  21, 
1976)  on  the  construction  of  a  new  or 
modified  source  in  an  area  that  exceeds  a 
NAAQS  requires,  among  other  things, 
that  the  new  source  must  meet  an  emis¬ 
sion  limitation  which  reflects  the  “lowest 
achievable  emission  rate’’  for  such  type 
of  source.  At  a  minimum,  the  lowest  rate 
achieved  in  practice  would  have  to  be 
specified  imless  the  applicant  can  demon¬ 
strate  that  it  cannot  achieve  such  a  rate. 
In  no  event  could  the  rate  exceed  any 
applicable  standard  of  performance  for 
new  sources. 

This  stringent  requirement  reflects 
EPA’s  judgment  that  a  new  source  should 
be  allowed  to  emit  pollutants  into  an 
area  violating  a  NAAQS  only  if  its  con¬ 
tribution  to  the  violation  is  reduced  to 
the  greatest  degree  possible.  While  the 
cost  of  achievement  may  be  an  important 
factor  in  selecting  a  standard  of  perform¬ 
ance  for  new  sources  applicable  to  all 
areas  of  the  country,  the  cost  factor  must 
be  accorded  far  less  weight  in  determin¬ 
ing  an  appropriate  emission  limitation 
for  a  source  locating  in  an  area  violating 
statutorily-mandated  health  and  welfare 
standards.  TTius.  while  there  may  be 
technology  available  for  new  sources 
which  have  been  determined  not  to  be 
appropriate  for  standards  of  perform¬ 
ance  because  of  the  consideration  given 
to  costs,  this  technology  would  be  consid¬ 
ered  for  purposes  of  determining  the 
“lowest  achievable  emission  rate’’  for 
such  type  of  sources.  Consequently, 
standards  of  performance  for  new 
sources  should  not  be  viewed  as  the  ul¬ 
timate  in  achievable  control  and  should 
not  limit  the  imposition  of  a  more  strin¬ 
gent  standard,  where  apppropriate. 

States  are  free  vmder  Section  116  of  the 
Act  to  establish  even  more  stringent 
emission  limits  than  those  established 
imder  Section  111,  or  those  necessary  to 
attain  or  maintain  the  NAAQS  imder 
Section  110.  ’Thus,  new  sources  may  in 
some  cases  be  subject  to  limitations  more 
stringent  than  EPA’s  standards  of  per¬ 
formance  under  Section  111,  and  pro¬ 
spective  owners  and  operators  of  new 
sources  should  be  aware  of  this  possibil¬ 
ity  in  planning  for  such  facilities. 

SELECTION  OF  MONITORING  REQUIREMENTS 

To  provide  a  convenient  means  for  en¬ 
forcement  personnel  to  insure  that  an 
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emission  control  system  installed  to  com¬ 
ply  with  standards  of  performance  is 
properly  operated  and  maintained,  mon¬ 
itoring  requirements  are  generally  in¬ 
cluded  in  standards  of  performance.  For 
stationary  gas  turbines,  the  most 
straightforward  means  of  insuring  proper 
operation  and  maintenance  is  to  monitor 
emissions  released  to  the  atmosphere. 

EPA  has  establishing  NO*  monitoring 
performance  specifications  in  Appendix 
B  of  40  CFR  Part  60  for  large  industrial 
sources  with  well  developed  velocity  and 
temperature  profiles.  Stationary  gas  tur¬ 
bines,  however,  do  not  have  well  devel¬ 
oped  velocity  and  temperature  profiles 
in  all  cases.  Gas  stratification  of  the 
turbine  exhaust,  for  example,  makes  the 
location  of  the  sample  point  critical. 
Also,  since  some  gas  turbines  are  started 
remotely  from  a  central  location,  spe¬ 
cial  systems  and  data  reporting  proce¬ 
dures  would  be  necessary  to  start  and 
maintain  continuous  monitors. 

Currently  there  are  no  NO,  continuous 
monitors  operating  on  gas  turbines,  and 
resolution  of  these  sampling  problems 
and  development  of  performance  speci¬ 
fications  for  continuous  monitoring"  sys¬ 
tems  would  entail  a  major  development 
program.  For  these  reasons,  continuous 
monitoring  of  NO,  emission  from  gas 
turbines  wotild  not  be  required  by  the 
proposed  standards. 

An  effective  means  of  ensuring  opera¬ 
tion  of  the  water  injection  system  used 
to  control  NO,  emissions  from  gas  tvir- 
bines  is  to  monitor  the  water-to-fuel 
ratio  being  fed  to  the  turbine.  Both 
water  and  fuel  monitors  are  readily 
available  and  are  demonstrated  tech¬ 
nology  for  use  on  gas  turbines.  Conse¬ 
quently,  to  ensure  operation  of  water 
injection  systems,  the  proposed  stand¬ 
ards  for  stationary  gas  turbines  would 
require  continuous  monitoring  of  the 
water-to-fuel  ratio  where  water  injec¬ 
tion  is  employed  to  comply  with  NO, 
standard. 

Also,  an  effective  means  of  ensuring 
the  firing  of  fuels  with  the  proper  ni¬ 
trogen  content  to  control  NO,  emissions 
caused  by  fuel  bound  nitrogen  is  to  mon¬ 
itor  the  nitrogen  content  of  the  fuel 
being  fired.  Consequently,  any  owner  or 
operator  that  uses  the  fuel-bound  nitro¬ 
gen  allowance  to  comply  with  NO,  emis¬ 
sion  limit  will  be  required  by  the  stand¬ 
ard  to  monitor  the  nitrogen  content  of 
the  fuel. 

The  continuous  monitoring  of  SOj 
emissions  would  not  be  required  by  the 
proposed  standards  for  the  same  rea¬ 
sons  continuous  monitoring  of  NO^ 
emissions  would  not  be  required.  A 
means  of  ensuring  the  firing  of  low  sulfur 
fuels  to  control  SO,  emissions,  however, 
is  to  monitor  the  sulfur  content  of  the 
fuel  being  burned.  This  is  already  a 
common  practice  among  gas  turbine 
users.  Consequently,  to  ensure  the  use 
of  low  sulfur  fuels  by  stationary  gas 
turbines  to  comply  with  the  60,  emission 
limit,  the  standard  would  require  moni¬ 
toring  the  sulfur  content  of  the  fuel. 

SELECTION  OF  PERFORMANCE  TEST  METHODS 

Reference  Method  20,  “Determination 
of  Nitrogen  Oxides,  Sulfur  Dioxide,  and 


Oxygen  Emissions  from  Stationary  Gas 
Turbines,”  was  selected  as  the  perform¬ 
ance  test  method  to  determine  compli¬ 
ance  with  the  standards  of  performance 
limiting  NO,  emissions  for  stationary 
gas  turbines.  This  test  method  is  based 
on  the  EPA  gas  turbine  field  tests  and 
on  background  data  for  continuous  mon¬ 
itoring  system  specifications  (Federal 
Register,  October  6,  1975).  Reference 
Method  20  includes  (1)  measurement 
system  design  criteria,  (2)  measurement 
system  performance  specifications  and 
performance  test  procedures,  and  (3) 
procedures  for  emission  sampling.  The 
performance  specifications  include  the 
span  drift,  zero  drift,  linearity  check, 
response  time  of  the  system,  and  inter¬ 
ference  checks.  This  method  allows  a 
choice  of  instruments  and  will  provide 
reliable  data  if  the  performance  specifi¬ 
cations  are  met. 

Both  the  Society  of  Automotive  Engi¬ 
neers  (SAE)  and  Mobile  Source  test 
methods  are  acceptable  alternative 
methods,  if  the  selected  instrument 
models  are  capable  of  meeting  the  per¬ 
formance  specifications  of  Reference 
Method  20. 

NO,  emission  measured  by  Reference 
Method  20  will  be  affected  by  ambient 
atmospheric  conditions.  Consequently, 
measured  NO,  emissions  would  be  ad¬ 
justed  during  any  performance  test  by 
the  ambient  condition  correction  factor 
discussed  earlier,  or  by  custom  correction 
factors  approved  for  use  by  the  Admin 
istrator. 

In  order  to  apply  the  fuel-bound  nitro¬ 
gen  allowance  included  as  part  of  the 
NOx  emission  limit,  the  nitrogen  con¬ 
tent  of  the  fuel  must  be  determined.  TTie 
anal5d,ical  methods  and  procedures  em¬ 
ployed  to  determine  the  nitrogen  content 
of  the  fuel  would  be  approved  by  the 
Administrator  and  would  be  accurate  to 
within  plus  or  minus  five  percent. 

In  lieu  of  determining  the  SO,  concen¬ 
tration  of  the  exhaust  gas  from  a  gas 
turbine  by  using  Method  20,  compliance 
with  the  standard  may  be  demMistrated 
by  determining  the  sulfur  content  of  the 
fuels  being  used  by  the  gas  turbine.  Sul- 
ful  content  of  the  fuel  will  be  determined 
using  ASTM  D2880-71  for  liquid  fuels 
and  ASTM  D1 072-70  for  gaseous  fuels. 

MISCELLANEOUS 

As  prescribed  by  Section  111  of  the 
Act,  t^  proposal  of  standards  has  been 
preceded  by  the  Administrator’s  deter¬ 
mination  that  emissions  from  stationary 
gas  turbines  contribute  to  air  pollution 
which  causes  or  contributes  to  the  en- 
dangerment  of  public  health  or  welfare, 
and  by  his  publication  of  this  deter¬ 
mination  in  this  issue  of  the  Federal 
Register.  In  accordance  with  Section  117 
of  the  Act,  publication  of  these  proposed 
standards  was  preceded  by  consultation 
with  appropriate  advisory  committees, 
ind^jendent  experts  and  I^eral  depart¬ 
ments  and  agencies.  TTie  Administrator 
will  welcome  comments  on  all  aspects  of 
the  proposed  regulations,  including  the 
designation  of  stationary  gas  turbines  as 
a  significant  contributor  to  air  pollution 
which  causes  or  contributes  to  the  en- 


dangerment  of  public  health  or  welfare, 
economic  and  technological  issues,  and 
on  the  proposed  test  methods. 

Comments  are  also  specifically  invited 
no  the  severity  of  the  economic  impact  of 
the  proposed  standards  on  stationary  gas 
turbines  located  offshore,  since  a  num¬ 
ber  of  interested  parties  have  expressed 
objection  to  not  exempting  the  offshore 
turbine  from  compliance  with  the  stand¬ 
ard.  Any  comments  submitted  to  the  Ad¬ 
ministrator  on  this  issue,  however,  should 
contain  specific  information  and  data 
pertinent  to  an  evaluation  of  the  magni¬ 
tude  of  this  impact  and  its  severity. 

Economic  impact  analysis:  The  cri¬ 
teria  for  an  action  to  be  considered  ma¬ 
jor,  thereby  requiring  development  of  an 
Economic  Impact  Analysis  (EIA)  are: 
(1)  an  increase  in  the  fifth-year  an¬ 
nualized  costs  of  100  million  dollars,  (2) 
a  major  product  price  increase  of  5  per¬ 
cent,  or  (3)  an  increase  in  national  en¬ 
ergy  consumption  of  25,000  barrels  of 
fuel  oil  per  day.  The  Impacts  resulting 
from  the  proposed  standards  would  not 
exceed  these  criteria,  except  i>ossibly  for 
those  stationary  gas  turbines  sold  for 
offshore  oil  and  gas  drilling  platforms, 
where  the  proposed  standards  could  in¬ 
crease  the  price  of  a  gas  tiubine  by  about 
7  percent.  Most  gas  turbines  used  in  the 
application,  however,  are  likely  to  have 
a  heat  input  at  pe^  capacity  of  less 
than  107.2  gigajoules  per  hour  (about 
10,000  horsepower).  Consequently,  they 
would  be  considered  small  gas  tuibines 
and  would  be  exempt  from  the  standards 
for  five  years  following  proposal  of  the 
standards.  In  any  event,  however,  sta¬ 
tionary  gas  tuibines  sold  for  offshore  ap¬ 
plications  constitute  such  a  small  p>er- 
centage  (estimated  at  less  than  3  per¬ 
cent)  of  the  overall  market  toe  station¬ 
ary  gas  turbines  that  they  are  not  con¬ 
sidered  a  major  product  within  the 
meaning  of  the  5  percent  major  product 
price  increase  criteria  for  an  action  to 
be  considered  major,  thereby  requiring 
preparation  of  an  EIA.  The  Environ¬ 
mental  Protection  Agency  has  de¬ 
termined,  therefore,  that  his  proposed 
action  does  not  constitute  a  major  action 
requiring  preparation  of  an  Economic 
Impact  Analysis  imder  Executive  Orders 
11821  and  11949  and  OMB  Circular 
A-107. 

Dated:  September  21,  1977. 

Douglas  M.  Costle, 

Administrator. 

It  is  proposed  to  amend  Part  60  of 
Chapter  I,  Title  40  of  the  Code  of  Fed¬ 
eral  Regulations  as  follows: 

1.  By  adding  subpart  GG  as  follows: 

Subpart  OG — Standards  of  Performanca  for 
Stationary  Gas  Turbines 

Sec. 

60.330  Applicability  and  designation  of 

affected  facility. 

60.331  Definitions. 

60.332  Standard  for  nitrogen  oxides. 

60.333  Standard  for  sulfur  dioxide. 

60.334  Monitoring  of  operations. 

60.336  Test  methods  and  procedures. 

Authortty:  Sections  111  and  301(a)  of  the 
Clean  Air  Act,  as  amended,  [42  U.S.C.  1857c- 
7,  1857g(a)],  and  additional  authority  as 
noted  below. 
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Subpart  66 — Standards  of  Performance 
for  Stationary  6as  Turbines 

§  60.330  Applicability  and  designation 
of  affected  facility. 

The  provisions  of  this  subpart  are  ap¬ 
plicable  to  the  following  affected  facili¬ 
ties:  all  stationary  gas  ttirbines  with  a 
heat  input  at  peak  load  equal  to  or 
greater  than  10.7  gigajoules  per  hour, 
based  on  the  lower  heating  value  of  the 
fuel  fired. 

§  60.331  Definitions. 

As  used  in  this  subpart,  all  terms  not 
defined  herein  shall  have  the  meaning 
given  them  in  the  Act  and  in  subpart  A 
of  this  p>art. 

(a)  “Stationary  gas  turbine”  means 
any  simple  cycle  gas  turbine,  regenerative 
cycle  gas  turbine  or  any  gas  turbint  por¬ 
tion  of  a  combined  cycle  steam/ electric 
generating  system  that  is  not  self-pro¬ 
pelled.  It  may,  however,  be  mounted  on 
a  vehicle  for  portability. 

(b)  “Simple  cycle  gas  turbine”  means 
any  stationary  gas  turbine  which  does 
not  recover  heat  from  the  gas  turbine  ex¬ 
haust  gases  to  preheat  the  inlet  com¬ 
bustion  air  to  the  gas  turbine,  or  which 
does  not  recover  heat  from  the  gas  tiu'- 
bine  exhaust  gases  to  heat  water  or  gen¬ 
erate  steam. 

(c)  “Regenerative  cycle  gas  turbine” 
mean  any  stationary  gas  turbine  which 
recovers  heat  from  the  gas  turbine  ex¬ 
haust  gases  to  preheat  the  inlent  com¬ 
bustion  air  to  the  gas  turbine. 

(d)  “Combined  cycle  gas  turbine” 
means  any  stationary  gas  turbine  which 
recovers  heat  from  the  gas  turbine  ex¬ 
haust  gases  to  heat  water  or  generate 
steam. 

(e)  “Emergency  gas  turbine”  means 
any  stationary  gas  turbine  which  op¬ 
erates  as  a  mechanical  or  electrical 
power  source  only  when  the  primary 
power  source  for  a  facility  has  been  ren¬ 
dered  inoperable  by  an  emergency  situa¬ 
tion. 

(f)  “Ice  fog”  means  an  atmospheric 
suspension  of  highly  reflective  ice 
crystals. 

(g)  “ISO  standard  day  conditions” 
means  288  degrees  Kelvin,  60  percent  re¬ 
lative  humidity  and  101.3  kilopascals 
pressure. 

(h)  “Efficiency”  means  the  gas  turbine 
manufacturer’s  rated  heat  rate  at  peak 
load  in  terms  of  heat  input  per  vmit  of 
power  output  based  on  the  lower  heating 
value  of  the  fuel. 

(i)  “Peak  load”  means  100  percent  of 
the  manufacturer’s  design  capacity  of  the 
jas  turbine. 

(j)  “Base  load”  means  the  load  level 
at  which  a  gas  turbine  is  normally  op¬ 
erated. 

(k)  “Fire-fighting  turbine"  means  any 
stationary  gas  turbine  that  is  used  pri¬ 
marily  to  pump  water  for  extinguishing 
fires. 

§  60.332  Standard  for  nitrogen  oxides. 

(a)  On  and  after  the  date  on  which 
the  performance  test  required  to  be  con¬ 
ducted  by  §  60.8  is  completed,  no  owner 


or  operator  subject  to  the  provisions  of 
this  subpart  shall  cause  to  be  discharged 
into  the  atmosphere,  except  as  provided 
in  paragraphs  (b) ,  (c) ,  and  (d)  of  this 
section. 

(1)  Prom  any  gas  turbine  with  a  heat 
rate  at  peak  load  of  more  than  or  equal 
to  14.4  kilojoules  per  watt  hour,  based 
on  the  lower  heating  value  of  the  fuel 
fired,  any  gases  which  contain  nitrogen 
oxides  in  excess  of: 


STD  =0.0075+ 

where; 

8TD=allowable  NO,  emissions  (percent  by  volume 
at  15  percent  oxygen  and  on  a  dry  basis). 
F=NO,  emission  aliowance  for  fuel-bound  nitro¬ 
gen  as  defined  in  part  (3)  of  this  paragraph. 


(2)  Prom  any  gas  turbine  with  a  heat 
rate  at  peak  load  of  less  than  or  equal  to 
14.4  kilojoules  per  watt  hour,  based  on 
the  lower  heating  value  of  the  fuel  fired, 
any  gases  which  contain  nitrogen  oxides 
in  excess  of : 


STD=0.0075  (^)+'F’ 


where: 

STD = allowable  NO,  emissions  (percent  by  volume 
at  15  percent  oxygen  and  on  a  dry  basis). 
y=mantilacturer’s  rated  heat  rate  at  peak  load 
(kilojoules  per  watt  hour). 
y=NO,  emission  allowance  for  fuel-bound  nltro-. 
gen  as  defined  in  part  (3)  of  this  paragraph. 

(3)  F  shall  be  defined  according  to  the 
nitrogen  content  of  the  fuel  as  follows: 


Fuel-bound  nitrogen 
(percent  bg  weight) 
N<0.015 
0.015<Ar<0.1 
0.1<JV<0.25 
JV>0.25 

where: 

7V=the  nitrogen  content 
weight). 


F 

(NO,  percent  by  volume) 

0 

0.04(A0 

0.004+0. 0067  (iV-0.l) 
0.005 

of  the  fuel  (percent  by 


(b)  Stationary  gas  tiu-bines  with  a 
heat  input  at  peak  load  of  107.2  giga¬ 
joules  per  hour  (100  million  Btu/hour) 
or  less,  based  on  the  lower  heating  value 
of  the  fuel  fired,  are  exempt  from  para¬ 
graph  (a)  of  this  section  for  a  period  not 
to  exceed  five  years  from  (date  of 
proposal) . 

(c)  Stationary  gas  turbines  using 
water  or  steam  injection  for  control  of 
NO,  emissions  are  exempt  from  para¬ 
graph  (a)  when  ice  fog  is  deemed  a 
traffic  hazard  by  the  owner  or  operator 
of  the  gas  turbine. 

(d)  Emergency  standby  gas  tobines, 
military  gas  turbines  for  use  in  other 
than  a  garrison  facility,  and  fire-fighting 
gas  turbines  are  exempt  from  paragraph 
(a)  of  this  section. 

§  60.333  Standard  for  sulfur  dioxide. 

(a)  On  and  £ifter  the  date  on  which 
the  performance  test  required  to  be  con¬ 
ducted  by  §  60.8  is  completed,  no  owner 
or  operator  subject  to  the  provisions  of 
this  subpart  shall  cause  to  be  discharged 
into  the  atmosphere  from  any  stationary 
gas  turbine  any  gases  which  contain  sul¬ 
fur  dioxide  in  excess  of  0.015  percent  by 
voliune  at  15  percent  oxygen  and  on  a 
dry  basis. 

fb)  ’The  sulfur  content  of  the  fuel  fired 
by  the  gas  tmbine  may  be  used  to  deter¬ 
mine  compliance  with  paragraph  (a)  of 
this  section.  Under  such  circumstances. 


on  and  after  the  date  on  which  the  per¬ 
formance  test  required  to  be  conducted 
by  !  60.8  is  completed,  no  owner  or  op¬ 
erator  subject  to  the  provisions  of  this 
subpart  shall  bum  in  any  stati<»iary  gas 
turbine  any  fuel  which  contains  sulfur 
in  excess  of  0.8  percent  by  weight. 

§  60.334  Monitoring  of  operations. 

(a)  The  owner  or  operator  of  any 
stationary  gas  turbine  subject  to  the  pro¬ 
visions  of  this  subpart  and  using  water 
injection  to  control  NOx  emissions  shall 
install  and  operate  a  continuous  mon¬ 
itoring  system  to  monitor  and  record  the 
fuel  consumption  and  the  ratio  of  water 
to  fuel  being  fired  in  the  turbine.  This 
system  shall  be  accurate  to  withn  ±5.0 
percent  and  shall  be  approved  by  the 
Administrator. 

(b)  The  owner  or  operator  of  any  sta¬ 
tionary  gas  turbine  subject  to  the  provi¬ 
sions  of  this  subpart  shall  record  daily 
the  sulfm  content,  nitrogen  content,  and 
lower  heating  value  of  the  fuel  being 
fired  in  the  gas  turbine. 

(c)  For  the  piurpose  of  reports  required 
under  §  60.7(c),  periods  of  excess  emis¬ 
sions  that  shall  be  reported  are  defined 
as  follows: 

(1)  Nitrc^en  oxides.  Any  one-hour  pe¬ 
riod  during  which  the  average  water-to- 
fuel  ratio,  as  measured  by  the  continu¬ 
ous  monitoring  system,  falls  below  the 
water-to-fuel  ratio  determined  to  dem¬ 
onstrate  compliance  with  S  60.332  by  the 
performance  test  required  in  §  60.8.  Each 
report  shall  include  the  average  water- 
to-fuel  ratio,  average  fuel  consumption, 
ambient  conditions  and  nitrogen  con¬ 
tent  of  the  fuel  during  the  period  of  ex¬ 
cess  emissions,  and  the  graphs  or  figures 
developed  under  §  60.335(a) . 

(2)  Sulfur  dioxide.  Any  daily  period 
during  which  the  sulfur  content  of  the 
fuel  being  fired  in  the  gas  turbine  ex¬ 
ceeds  0.8  percent. 

(Sec.  114  of  the  CHean  Air  Act  as  amended 
(42  U.S.C.  1857C-9) ) . 

§  60.335  Test  methods  and  procedures. 

(a)  The  reference  methods  in  Appen¬ 
dix  A  to  this  part,  except  as  provided  in 
§  60.8(b),  shall  be  used  to  determine 
compliance  with  the  standards  pre¬ 
scribed  in  §  60.332  as  follows: 

(1)  Reference  Method  20  for  the  con¬ 
centration  of  nitrogen  oxides  and  oxy¬ 
gen. 

(i)  The  nitrogen  oxides  emission  level 
measured  by  Reference  Method  20  shall 
be  adjusted  to  ISO  standard  day  condi¬ 
tions  by  the  following  ambient  condition 
correction  factor: 

NO.=  (NO.„b.)  e»fffob.-o.oo«3) 

where: 

NO,  =einissions  of  NO,  at  15  percent  oxygen  and 
ISO  standard  ambient  conditions. 

NO,„i„=measured  NO,  emissions  at  15  percent 
oxygen,  ppmv. 

Pr<f=reference  combnstor  inlet  absolute  pressure 
at  101.3  kilopascals  ambient  pressure. 

Poi»= measured  combustor  inlet  absolute  pressure 
at  test  ambient  pressure. 

HoiM=speciflc  humidity  of  ambient  air  at  test. 
e= transcendental  constant  (2.718). 
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The  adjusted  NOx  emission  level  shall 
be  used  to  determine  compliance  with 
S  60.332. 

(ii)  Manufacturers,  owners  or  oper¬ 
ators  may  develop  custom  ambient  con¬ 
dition  correction  factors  in  terms  of 
combustor  inlet  pressure,  ambient  air 
pressure,  ambient  air  humidity  and  ani- 
bient  air  temperature  to  adjust  the  ni¬ 
trogen  oxides  emission  level  measured  by 
the  performance  test  as  provided  for  in 
f  60.8  to  ISO  standard  day  conditions. 
These  ambient  condition  correction  fac¬ 
tors  shall  be  substantiated  with  data  and 
must  be  approved  for  use  by  the  Admin¬ 
istrator  before  they  can  be  used  to  de¬ 
termine  compliance  with  paragraph  (a) 
of  this  subpart.  Notices  of  approval  of 
custom  ambient  condition  correction 
factors  will  be  published  in  the  Federal 
Register. 

(iii)  The  water-to-fuel  ratio  necessary 
to  comply  with  §  60.332  will  be  deter¬ 
mined  during  the  initial  performance 
test  by  measuring  NOx  emissions  using 
Reference  Method  20  and  the  water-to^ 
fuel  ratio  necessary  to  comply  with 
§  60.332  at  30,  50,  75,  and  100  percent  of 
peak  load. 

(2)  ASTM  D-2382  for  the  lower  heat¬ 
ing  value  of  liquid  fuels  and  ASTM  D- 
1826  for  the  lower  heating  value  of  gas¬ 
eous  fuels.  These  methods  shall  also  be 
used  to  comply  with  §  60.334(b) . 

(3)  The  analytical  methods  and  pro¬ 
cedures  employed  to  determine  the  nitro¬ 
gen  content  of  the  fuel  being  fired  shall 


be  approved  by  the  Administrator  and 
shall  be  accurate  to  within  plus  or  minus 
five  percent. 

(b)  The  method  for  determining  com¬ 
pliance  with  §  60.333,  except  as  provided 
in  §  60.8(b).  shall  be  as  follows: 

(1)  Reference  Method  20  for  the  con¬ 
centration  of  sulfur  dioxide  and  oxygen. 

(2)  ASTM  D2880-71  for  the  sulfur  con¬ 
tent  of  liquid  fuels  and  ASTM  D1072-70 
for  the  sulfur  content  of  gaseous  fuels. 
These  methods  shall  also  be  used  to  com¬ 
ply  with  §  60.334(b). 

(Sec.  114  of  the  Clean  Air  Act  as  amended 
(42  U.S.C.  1857C-9).) 

Appendix  A — Reference  Methods 

2.  Part  60  is  amended  by  adding  Refer¬ 
ence  Method  20  to  Appendix  A  as  follows : 
•  •  *  •  * 
METHOD  20 - DETERMINATION  OP  NITROGEN 

OXIDES,  sulfur  dioxide,  AND  OXYGEN  EMIS¬ 
SIONS  FROM  STATIONARY  GAS  TURBINES 

1.  Principle  and  Applicability. 

1.1  Principle.  A  gas  sample  Is  continu¬ 
ously  extracted  from  the  exhaust  stream  of 
a  stationary  gas  turbine;  a  portion  of  the 
sample  stream  is  conveyed  to  instrumental 
analyzers  for  determination  of  nitrogen 
oxides  (NO.)  and  oxygen  (Oj)  content.  Dur¬ 
ing  each  NO.  and  O,  determination,  a  sepa¬ 
rate  measurement  of  sulfur  dioxide  (SOo) 
emissions  is  made,  using  Method  6,  or  its 
equivalent.  The  O,  determination  is  used  to 
adjust  the  NO.  and  SO-  to  a  reference 
condition. 


1.2  Applicability.  This  method  Is  appli¬ 
cable  for  the  determination  of  nitrogen  oxide, 
sulfur  dioxide,  and  oxygen  emissions  from 
stationary  gas  turbines.  For  the  NO,  and  Oi 
determinations,  this  method  includes:  (1) 
Measurement  system  design  criteria,  (2) 
anal5rzer  performance  specifications  and  per¬ 
formance  test  procedures:  and  (3)  proce¬ 
dures  for  emission  testing. 

2.  Apparatus  and  Reagents 

2.1  Measurement  System.  The  equipment 
required  to  extract,  transport,  and  analyze 
the  gas  sample  constitutes  the  "measurement 
system.”  A  schematic  of  the  measurement 
system  Is  shown  in  Figure  20-1.  (Measure¬ 
ment  system  performance  specifications  are 
described  In  detail  In  Section  3.)  The  essen¬ 
tial  components  of  the  measurement  sjrstem 
are  described  below. 

2.1.1  Probe.  Stainless  steel  type  316  or 
equivalent,  to  transport  gas  from  stack. 

2.1.2  Particulate  Filter.  A  filter  Is  used  to 
remove  particulates  ahead  of  the  calibration 
valve  assembly.  In  most  cases,  either  In-stack 
or  out-stack  filter  location  Is  acceptable; 
however,  out-stack  filtration  Is  required 
when  the  sample  gas  temperature  Is  above 
SOO'C  (930'F).  The  filtration  temperature 
shall  be  at  least  120°C  (250°F)  to  prevent 
moisture  condensation.  Glass  fiber  filters,  of 
the  type  specified  In  EPA  Method  6,  or 
equivalent,  are  recommended. 

2.1.3  Calibration  Valve  Assembly.  A  three- 
way  valve  assembly  Is  used  to  direct  the  zero 
and  span  calibratloh  gases  to  the  analyzers. 
This  assembly  shall  be  located  directly  be¬ 
hind  the  probe  and  filter  and  shall  be 
capable  of  blocking  the  sample  gas  flow  and 
introducing  the  span  and  zero  gases  when 
the  system  is  in  the  calibration  mode. 


Figure  20.1  Measurement  system  design  for  stationary  gas  turbine  tests. 


2.1.4  Calibration  Cases.  Calibration  gases 
are  used  to  perform  zero.  spMin  and  calibra¬ 
tion  checks  of  the  analyzers  during  each  test 
run.  The  concentrations  and  specifications 
of  these  gases  are  described  In  detail  In  Sec¬ 
tions  2.2  and  6.2. 

2.1.5  Heated  Sample  Line.  A  PEP  fluoro¬ 
carbon  or  stainless  steel  (type  316  or  equiva¬ 
lent)  sample  line  is  used  to  transport  the 
gases  to  the  sample  conditioner  and  an¬ 
alyzers.  The  sample  gas  shall  be  maintained 
at  least  S'C  (10°P)  above  the  stack  gas  dew 
point  to  prevent  moisture  condensation. 

2.1.0  Moisture  Trap.  A  moisture  trap,  de¬ 
signed  to  reduce  the  dew  point  of  the  sample 
gas  to  3'C  (37°P)  or  less,  is  used.  For  Instru¬ 
ments  not  affected  by  water  vapor,  this  de¬ 
vice  is  not  required;  however,  the  moisture 


content  shall  be  determined  using  methods 
subject  to  the  approval  of  the  Administrator 
and  the  NOx  and  O,  concentrations  shall  be 
corrected  to  a  dry  gas  basis. 

2.1.7  Pump.  A  nonreactlve  leak-free  sam¬ 
ple  pump  is  used  to  pull  the  sample  gas 
through  the  system  at  a  flow  rate  sufficient  to 
minimize  transport  delay.  The  pump  shall  be 
made  from  or  coated  with  nonreactlve  ma¬ 
terial  (FEP  fluorocarbon  or  type  316  stain¬ 
less  steel). 

2.1.8  Sample  Gas  Manifold.  A  sample  gas 
manifold  is  recommended  for  diverting  por¬ 
tions  of  the  sample  gas  stream  to  the  ana¬ 
lyzers.  The  manifold  may  be  constructed  of 
glass,  FEP  fluorocarbon,  or  stainless  steel 
(type  316  or  equivalent).  Instead  of  using 


the  manifold,  separate  sample  lines  may  be 
connected  to  each  analyzer. 

2.1.9  Oxygen  Analyzer.  An  oxygen  ana¬ 
lyzer  is  used  to  determine  the  oxygen  concen. 
tratlon  (percent  O^)  of  the  sample  gas 
stream. 

2.1.10  Nitrogen  Oxides  Analyzer.  A  NOx 
analyzer  Is  used  to  determine  the  ppm  con¬ 
centration  of  nitrogen  oxides  in  the  sample 
gas  stream. 

2.1.11  Sulfur  Dioxide  Analysis.  Method  6 
apparatus,  or  equivalent.  Is  required  for  sul¬ 
fur  dioxide  determination. 

2.2  Calibration  Gas  Specifications. 

2.2.1  Zero  Gas.  Prepurified  nitrogen  Is 
used. 

2.2.2  Nitrogen  Oxide  Calibration  Gases. 
Mixtures  of  known  concentrations  of  NO  in 
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nitrogen  are  required.  Nominal  NO  concen¬ 
trations  of  25,  50,  and  90  percent  of  the  In¬ 
strument  full  scale  range  are  needed.  The 
90  percent  gas  mixture  Is  used  to  set  and 
chack  the  Instrument  span  and  Is  referred  to 
as  span  gas.  The  25  and  50  percent  gas  mix¬ 
tures  shall  be  used  to  validate  the  analyzer 
calibration,  prior  to  each  test. 

2.2.3  Oxygen  Calibration  Gases.  Ambient 
air  at  20.9  percent  oxygen  shall  be  used  as 
the  span  gas  (high  range  concentration  gas). 
A  midscale  calibration  gas  (approximately 
13  percent  O^  In  nitrogen)  shall  be  used  to 
validate  the  analyzer  calibration  prior  to  each 
test. 

2.2.4  Concentration  Validation.  Within 
one  month  prior  test  use,  caibratlon  gases 
shall  be  analyzed,  by  the  appropriate  test 
method  specified  In  Section  6.2,  to  determine 
their  true  concentration  levels.  Gas  concen¬ 
trations  that  are  traceable  to  the  National 
Bureau  of  Standards  and  which  can  be  dem¬ 
onstrated  to  be  stable  are  exempted  from  the 
analysis  requirements. 

3.  Measurement  System  Performance  Specifi¬ 
cations  and  Performance  Test  Procedures. 

3.1  Analyzer.  “Span”  Is  defined  as  the  con¬ 
centration  range  (specified  by  manufacturer) 
over  which  an  analyzer  will  give  valid  read¬ 
ings.  The  spans  for  the  analyzers  used  in  this 
method  shall  be  as  follows : 


3.1.1  Oxygen  Analyzer:  0  to  25%  O2. 

3.1.2  NOx  Analyzer:  0  to  120  ppm. 

3.2  Analyzer  Interferences  and  Interfer¬ 
ence  Response.  The  “interference  resptonse” 
of  an  analyzer  is  defined  as  the  output  re¬ 
sponse  to  a  component  in  the  sample  gas 
stream,  other  than  the  gas  component  be¬ 
ing  analyzed;  the  analyzers  used  In  this 
method  shall  not  have  a  total  Interference 
response  of  more  than  ±2  percent  of  span. 

Particulate  matter  and  water  vapor  are  the 
primary  interfering  species  for  most  instru¬ 
mental  analyzer^  but  these  may  be  removed 
physically  by  using  filters  and  condensers. 
Other  possible  specific  Interferents  found  In 
turbine  exhaust  streams  Include  carbon  mon¬ 
oxide,  carbon  dioxide,  nitrogen  oxides,  sul¬ 
fur  dioxide  and  hydrocarbons.  Each  analyz¬ 
ing  instrument  may  respond  to  one  or  more 
of  these  interferents  In  ways  that  alter  the 
desired  measurement. 

^  The  interference  response  of  an  analyzer  Is 
determined  by  measuring  the  total  analyzer 
response  to  the  ga.seous  components  (or  mix¬ 
tures)  listed  in  Table  20.1;  these  gases  may 
either  be  introduced  Into  the  analyzer  sep¬ 
arately,  or  as  a  single  gas  mixture.  The  total 
Interference  output  response  of  the  analyzer 
to  these  components,  if  any,  shall  be  deter¬ 
mined  (in  concentration  units).  The  values 
obtained  in  an  Interference  response  test 
shall  be  recorded  on  a  form  similar  to  Figure 
20.2. 


If  the  sum  of  the  interference  responses  of 
the  test  gases  is  greater  than  2  percent  of  the 
instrument  span,  the  analyzer  shall  not  be 
used  in  the  measurement  system  of  this 
method. 

An  interference  re.sponse  test  of  each  an¬ 
alyzer  shall  be  conducted  prior  to  its  Initial 
use  In  the  field.  Thereafter,  if  changes  are 
made  In  the  instrumentation  which  could 
alter  the  interference  response,  e.g.,  changes 
In  the  type  of  gas  detector,  the  Instruments 
shall  be  retested. 

In  lieu  of  conducting  the  interference  re¬ 
sponse  test.  Instrument  vendor  data,  which 
demonstrate  that  for  the  test  gases  of  Table 
20.1  the  interference  performance  specifica¬ 
tion  is  not  exceeded,  are  acceptable.  If  these 
data  are  not  available,  the  tests  shall  be 
made. 

3.3  Analyzer  Response  Time.  When  a 
change  in  pollutant  concentration  occurs  at 
the  inlet  of  the  measurement  system  (l.e., 
at  probe) ,  the  change  is  not  Immediately  reg¬ 
istered  by  the  analyzer;  “response  time”  Is 
defined  as  the  amount  of  time  that  It  takes 
for  the  analyzer  to  register  a  concentration 
value  within  5  percent  of  the  new  Inlet  con¬ 
centration.  The  maximum  response  time  for 
the  analyzers  used  In  this  method  Is  three 
minutes. 

To  determine  response  time,  first  Introduce 
zero  gas  into  the  system  until  all  readings 
are  stable;  then.  Introduce  span  gas  Into  the 
system.  The  amount  of  time  that  It  takes  for 
the  analyzer  to  register  95  percent  of  the  final 
span  gas  concentration  Is  the  upscale  re¬ 
sponse  time.  Next,  reintroduce  zero  gas  Into 
the  system;  the  length  of  time  that  It  takes 
for  the  analyzer  output  to  come  within  5  per¬ 
cent  of  the  final  reading  Is  the  downscale  re¬ 
sponse  time.  The  upscale  and  downscale  re¬ 
sponse  times  shall  each  be  measured  three 
times.  The  readings  shall  be  averaged,  and 
the  average  upscale  or  downscale  response 
time,  whichever  is  greater,  shall  be  reported 
as  the  “response  time"  for  the  analyzer.  Re¬ 
sponse  time  data  are  recorded  on  a  form  sim¬ 
ilar  to  Figure  20.3.  A  response  time  test  shall 
be  conducted  prior  to  the  Initial  field  use  of 
the  measurement  system,  and  shall  be  re¬ 
peated  if  changes  are  made  in  the  measure¬ 
ment  system. 

3.4  Zero  Drift.  “Zero  drift”  Is  the  change 
In  analyzer  output  during  a  turbine  per¬ 
formance  test,  when  the  input  to  the  meas¬ 
urement  system  Is  a  pure  grade  of  nitrogen 
(zero  gas).  The  maximum  allowable  zero 
drift  for  the  analyzers  used  in  this  method 
Is  ±2  percent  of  the  si>eclfied  instrument 
span.  ITie  zero  drift  calculation  is  made  for 
each  gas  for  each  turbine  test  run;  this  Is 
done  by  taking  the  difference  of  the  zero  gas 
concentration  values  measured  at  the  start 
and  finish  of  the  test  (see  Section  6.1).  The 
zero  drift  is  recorded  as  a  percentage  of  the 
Instrument  span)  on  a  form  similar  to  Fig¬ 
ure  20.4. 

3.5  Span  Drift.  “Span  drift”  is  the  change 
in  the  analyzer  output  during  a  turbine  per¬ 
formance  test,  when  the  Input  to  the  meas¬ 
urement  system  is  span  gas.  The  maximum 
allowable  span  drift  for  the  analyzers  used 
In  this  method  Is  ±2  percent  of  the  specified 
Instrument  span.  The  span  drift  calculation 
Is  to  be  made  for  each  gas  for  each  turbine 
test  run;  this  Is  done  by  taking  the  difference 
between  the  span  gas  concentration  values 
measured  at  the  beginning  and  end  of  the 
test.  Span  drift  is  recorded  (as  a  percentage 
of  Instrument  span)  on  a  form  similar  to 
Figure  20.4.  Span  drift  must  be  corrected  for 
any  zero  drift  that  occurred  during  the  test 
period  (see  Figure  20.4) . 

4.  Procedure  for  Field  Sampling. 

4.1  Selection  of  a  Sampling  Site  and  the 
Minimum  Number  of  Traverse  Points. 


TABLE  20.1  INTERFERENCE  TEST  GAS  CONCENTRATIONS 


CO 

SOg 

NO/NOg 

COo 


500  ppm 
200  ppm 
200  ppm 
10“^ 

20.9%  (Air) 


FIGURE  20.2  INTERFERENCE  RESPONSE 


Date  of  Test: 


Analyzer  Type:_ 


S/N 


Test  Gas 

Jype. . 


Cone. 


Analyzer  Output 
Response 


%  of  Span 
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response:  time 


Date  of  Test 

Analvzer  Tvdc 

S/N 

Snan  Gas  Concentration 

.ppm 

Analvzer  Scan  Settinn 

jjpm 

1 

_seconds 

Uoscale  2 

.seconds 

3 

.seconds 

Average  upscale  response  _ 

seconds 

1 

^seconds 

Do’.sTiscal  e  2 

jseconds 

3 

jeconds 

Average  downscale  response 

seconds 

System  response  time  =  slower  averaoe  tinie  =  seconds. 

Figure  20.3 

TURDIME  SAMPLII.'tl  SYSTEM 


Turbine  Tj^pe 

Zero  and  Span  Drift  Data 

S/N 

Date: 

Test  Ho.: 

Analyzer:  Type 

S/N 

Initial 
Calibration 
ppm  or  % 

Final 

Calibration 
ppm  or  % 

Difference 
Initial -Final 
ppm  or  % 

% 

of  Span 

Zero  Gas 

Hi oh  Calibration 
Css  (Span  Gas) 

* 

%  of  Span 

_  Absolute  Value  of  Difference 
Instrument  Span 

X  100 

♦Corroded  for  zero  drift,  i.e.,  if  zero  drift  over  test  period  is  +2  ppm 
then  2  ppm  shall  be  subtracted  from  the  difference  betv/cen  the  initial 
end  final  readinos. 

Figure  20.4 
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4.1.1  Select  a  aampllng  site  as  close  as 
practical  to  the  exhaust  of  the  turbine.  Tur¬ 
bine  geometry,  stack  configuration,  Internal 
baffling,  and  polnt^  of  Introduction  of  dilu¬ 
tion  air  will  vary  for  different  turbine  de¬ 
signs.  Thus,  each  of  these  factors  must  be 
given  special  consideration  In  order  to  obtain 
a  representative  sample.  Whenever  possible, 
the  sampling  site  shall  be  located  upstream 
of  the  point  of  Introduction  of  dilution  air 
Into  the  duct.  Sample  ports  may  be  located 
before  or  after  the  upturn  elbow.  In  order 
to  accommodate  the  configuration  of  the 
turning  vanes  and  baffles  and  to  permit  a 
complete,  unobstructed  traverse  of  the  stack. 
The  sample  ports  shall  not  be  located  within 
6  feet  or  2  diameters  (whichever  Is  less)  of 
the  gas  discharge  to  atmosphere.  For  sup- 
plementary-fired,  combined-cycle  plants,  the 
sampling  site  shall  be  located  between  the 
gas  turbine  and  the  boiler. 

4.1.2  The  minimum  diameter  of  the  sam¬ 
ple  ports  shall  be  3-lnch  nominal  pipe  size 
(NFS). 

4.1.3  The  minimum  number  of  points  for 
the  preliminary  O,  sampling  (Section  8.3.2) 
shall  be  as  follows;  (1)  eight,  for  stacks  hav¬ 
ing  cross-sectional  areas  less  than  1.5  m- 
(16.1  ft^);  (2)  one  sample  point  for  each 
0.2  m*  (2.2  ft*)  of  area,  for  stacks  of  1.5  m* 
to  10.0  m*  (16.1-107.6  ft*)  in  cross-sectional 
area;  and  (3)  one  sample  point  for  each 
0.4  m*  (4.4  ft*)  of  area,  for  stacks  greater 
than  10.0  m*  (107.6  ft*)  In  cross-sectional 
area.  Note  that  for  circular  ducts,  the  num¬ 
ber  of  sample  points  must  be  a  multiple  of  4, 
and  for  rectangular  ducts,  the  number  of 
points  must  be  one  of  those  listed  In  Table 
20.2;  therefore,  round  off  the  number  of 
points  (upward),  when  appropriate. 

Table  20.2. — Cross-sectional  layout  for 
rectangular  stacks 


No.  of  traverse  Matrix 

points;  layout 

9  .  3X3 

12  .  4x3 

16  .  4X4 

20  .  5X4 

25  .  5X5 

30  . 6X5 

36  _ _ 6X6 

42  .  7X6 

49  .  7X7 


4.2  Cross-sectional  Layout  and  Location 
of  Traverse  Points.  After  the  number  of  tra¬ 
verse  points  for  the  preliminary  O,  sampling 
has  been  determined,  use  Method  1  to  locate 
the  traverse  points. 

4.3  Measurement  System  Operation. 

4.3.1  Preliminaries. 

4.3.1. 1  Prior  to  the  turbine  test,  the  meas¬ 
urement  system  shall  have  been  demon¬ 
strated  to  have  met  the  performance  speci¬ 
fications  for  Interference  response  and  re¬ 
sponse  time  described  In  Sections  3.2  and  3.3. 

4.3. 1.2  Turn  on  the  sample  pump  and  In¬ 
struments;  allow  the  normal  warmup  time 
required  for  stable  Instrument  operation. 

4.3. 1.3  After  the  Instruments  have  stab¬ 
ilized,  the  measurement  system  shall  be  cali¬ 
brated  using  the  procedures  detailed  In  Sec¬ 
tion  6.1.  Transfer  the  zero  and  span  gas  cali¬ 
bration  data  from  Figure  20.5  to  a  form 
similar  to  Figure  20.4. 

4.3.1.4  At  the  beginning  of  each  NO*  test 
run  and,  as  applicable,  during  the  run,  rec¬ 
ord  turbine  data  as  Indicated  In  Figure  20.6. 
Also,  record  the  location  and  number  of  the 
traverse  points  on  a  diagram. 

4.3.2  Preliminary  Oxygen  Sampling. 


4.3.2.1  At  the  start  of  a  3-run  sample  se-  minute  plus  the  average  system  response 
quence,  position  the  probe  at  the  first  tra-  time.  Determine  ^he  average  steady-state 
verse  point  and  begin  sampling.  The  mini-  concentration  of  Oa  at  each  point  and  record 
mum  sampling  time  at  each  point  shall  be  1  the  data  on  Figure  20.7. 

Figuri!  P0.5 
CALIUliATIOU  UATA 


Date 

Analyzer  Type 

S/N 

High  Range  Gas  Cone. 

%  Full 

Scale 

Hid  Range  Gas  Cone. 

%  Full 

Scale 

Low  Range  Gas  Cone. 

%  Full 

Scale 

Zero  Gas 

%  Full 

Scale 

• 

Figure  20.6 

STATIONARY  GAS  TURBINE 


Test  Operator _ 

Type _ 

Turbine  ID 

S/N _ 

Riant _ 

Location. 

City _ 

Ambient  Tempera ture_ 

Ambient  Humidity _ 

Test  Time  Start _ 

Test  Time  Finish _ 

Fuel  Flo’.v  Rate _ 


TURBINE  OPERATION  RECORD 


Date 


Ultimate  Fuel 
Analysis  C 

II 

0 

N 

S 

Ash 

H20 


Trace  Metals 


Na _ 

Va _ 

K _ 

etc.** 


Water  or  Steam _ *  Operating  Load 

FI  ov/  Rate  - 

Ambient  Pressure  _ 

*ijescribe  iiicasurement  method,  i.e.,  continuous  flow  meter, 
start  finish  volumes,  etc. 

**i.c..  Additional  elements  added  for  smoke  suppression. 
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FIGURE  20.7 


Preliminary  Oxygen  Traverse 


4.3.2.2  Select  the  eight  sample  points  at  in  the  highest  corrected  emission  concen- 
which  the  lowest  oxygen  concentrations  were  tratlon  is  used. 

obtained.  The.se  same  points  shall  be  used  4.3.2.3  If  additional  turbine  runs  are 
for  all  three  runs  which  comprise  the  emis-  conducted  within  4  hours  of  the  previous 
slon  test.  More  points  may  be  used,  if  desired,  run,  an  initial  calibration  of  the  measure- 

4.3.3  Emission  Sampling.  ment  system  is  not  required.  If  more  than  4 

4.3.3. 1  Position  the  probe  at  the  first  hours  have  elapsed  between  runs,  the  pre- 
point  determined  in  the  preceding  section  test  calibration  shall  be  done. 

and  begin  sampling.  The  minimum  sampling  4.4  An  SO,  determination  shall  be  made 
time  at  each  point  shall  be  3  minutes  plus  (using  Method  6,  or  equivalent)  during  the 
the  average  system  response  time.  Determine  test.  A  minimum  of  six  total  points,  selected 
the  average  steady-state  concentration  of  O,  from  those  required  for  the  NO^  measure- 
and  NOx  a  each  point  and  recOTd  the  data  on  ment,  shall  be  sampled;  two  points  shall  be 
Figure  20.8.  used  for  each  sample  run.  The  sample  time 

4.3.2.2  After  sampling  the  last  point,  con-  at  each  point  shall  be  at  least  10  minuets, 
elude  the  test  run  by  recording  the  final  The  oxygen  readings  taken  during  the  NO, 
turbine  operating  parameters  and  by  deter-  test  runs  corresponding  to  the  SO,  traverse 
mining  the  zero  and  span  drift,  as  described  points  (see  Section  4.3.3.1)  shall  be  averaged. 
In  Sections  3.4  and  8.5.  If  the  zero  and/or  and  this  average  oxygen  concentration  shall 
span  drift  exceed  ±2.0  percent  the  run  may  be  used  to  correct  the  Integrated  SOj  con- 
be  considered  Invalid,  or  may  be  accepted  centratlon  obtained  by  Method  6  to  16  per- 
provlded  the  calibration  data  which  results  cent  O,  (see  Equation  20-1 ) . 
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Mfg. _ 

Turbine  ID 

Model  &  S/N 
Plant _ 


Location 

City_ 

State, 

Ambient  Temp. _ 

Ambient  Press _ 

Ambient  Humidity^ 
Date _ 


Test  Time  Start 


Test  Time  Finish 


Figure  20.8 

STATIONARY  GAS  TURBINE 
GAS  SAMPLE  POINT  RECORD 


Test  Operator  Name_ 
Og  Instrument  Jype_ 
NO^  Instrument  Type, 


.  4r  * 

Sample  Time  O2  NO^^ 


S/N 

S/N 


*Average  steady  state  value  from -recorder  or  instrunjent  readout. 


5.  Emission  Calculations. 

5.1  Correction  to  15  Percent  Oxygen. 
Using  Equation  20-1,  calculate  the  NO,;  and 
SO,  concentrations  (adjusted  to  15  percent 
O,).  The  correction  to  15  percent  oxygen  Is 
sensitive  to  the  accuracy  of  the  oxygen  meas¬ 
urement.  At  the  level  of  analyzer  drift  speci¬ 
fied  In  the  method  (±2  percent  of  full  scale) , 
the  change  In  the  oxygen  concentration  cor¬ 
rection  can  exceed  10  percent  when  the  oxy¬ 
gen  content  of  the  exhaust  Is  above  16  per¬ 
cent  Oj.  Therefore  O,  analyzer  stability  and 
careful  calibration  are  necessary. 


Actual  pollutant  concentration  (NOz  or  SOii 

X  5.9%  ^ 

20.9*70-02%  actual 

Pollutant  concentration  adjusted  to  15%  O2 

where: 

5.9%  is  20.9%— 15%  (the  defined  concentration 
ba,si3). 

O2  actual  is  the  sample  point  oxygen  concentration 
for  NOz  calculation,  and  the  average  O2  concentra¬ 
tion  for  SOi  calculation. 

5.2  Calculate  the  average  adjusted  A’^OiConcentration 
by  summing  the  point  values  and  dividing  by  the  num¬ 
ber  of  sample  points. 


6.  Calibration. 

6.1  Measurement  System.  Prior  to  each 
turbine  test,  the  measurement  system  shall 
be  calibrated  according  to  the  procedures  de¬ 
scribed  below.  The  manufacturer’s  operation 
and  calibration  instructions  are  also  to  be 
followed 'as  required  for  each  specific  ana¬ 
lyzer. 

6.1.1  Turn  on  all  measurement  system 
components  and  allow  them  to  warm  up 
until  stable  conditions  are  achieved.  Next, 
Introduce  zero  gas  and  each  of  the  calibra¬ 
tion  gases  described  in  Section  6.2,  one  at  a 
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time.  Into  the  Inlet  of  the  probe.  The  re¬ 
sponses  of  the  analyzer  to  these  gases  shall 
be  used  to  establish  a  calibration  curve  or 
to  verify  the  manufacturers  calibration 
curve.  The  data  obtained  In  these  procedures 
shall  be  recorded  on  a  form  similar  to  Figure 
20.4.  If,  for  the  mid-scale  gases,  the  accuracy 
of  the  manufacturer’s  calibration  curve  or 
the  expected  response  curve  cannot  be  shown 
to  be  ±2  percent  of  full  scale  (or  better), 
the  calibration  shall  be  considered  Invalid 
and  corrective  measures  on  the  Instrument 
shall  be  taken.  The  calibration  procedure 
shall  be  repeated,  using  only  zero  gas  and 
span  gas,  at  the  conclusion  of  test;  this 


allows  calculation  of  zero  and  span  drift 
(Sections  3.2  and  3.3) . 

6.2  Calibration  Gas  Mixtures. 

6.2.1  Within  one  month  prior  to  the  tur¬ 
bine  test,  the  NOi  calibration  gas  mixtures 
shall  be  analyzed,  using  the  phenoldisulfonic 
acid  procedure  (Method  7)  for  nitrogen 
oxides.  A  minimum  of  three  analyses  shall 
be  done,  and  the  average  concentration  of 
each  gas  shall  be  reported  as  the  true  calibra¬ 
tion  gas  value  (see  Figure  20.9),  Alternate 
procedures  may  be  employed,  subject  to  the 
approval  of  the  Administrator,  to  determine 
the  calibration  gas  concentration. 


Figure  20.9 

MALYSIS  OF  CALIBIVITION  GAS  MIXTURES 


CYLINDER  GAS  COMPOSITION 

Reference  Metliod  Used 

Uotc 

Lo’iV  RcTiiqe  Calibration  Gas  Mixture 

Sample  1 

_ ppm 

Samel  G  2 

_ ppm 

Sample  3 

ppm 

Averaae 

_ ppm 

Mid  Range  Calibration  Gas  Mixture 

Sample  1 

_ ppm 

Sample  2 

_ ppm 

Sample  3 

_ ppm 

Average 

_ ppm 

High  Range  (span)  Calibration  Gas  Mixture 

Sample  1 

_ ppm 

San«le  2 

_ ppm 

Sample  3 

_ ppm 

Average 

_ ppm 

1  1 

Note. — ^The  NO.  calibration  gas  mixtures 
shall  contain  nitric  oxide  (NO)  in  nitrogen. 
Instruments  which  require  conversion  of  one 
nitrogen  oxide  component  to  another  for 
total  NO,  measurement  shall  be  checked  to 
ensure  that  this  conversion  is  complete  and 
reproducible,  as  specified  by  the  manufac¬ 
turer. 


6.2.2  Ambient  air  may  be  used  as  the 
oxygen  span  gas.  The  mid-scale  calibration 
gas  concentration  shall  be  certified  (by 
vendor)  as  being  within  ±2  percent  of  the 
indicated  concentration. 

(FR  Doc.77-28721  Filed  9-30-77:8:45  am) 
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